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SECTION 01 41 00.00 80

CONTRACTOR SAFETY AND HEALTH PROGRAM

PART 1 GENERAL

[
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L1 JSC SAFETY IKFORMATION
.11 Safety and Health Information

L1101 Commitment to Safety and Health

The success of this center starts with an unwavering commitment to safety.
The culture of this institution is one of safe accomplishment of our
missions, including construction projects,

Migsion success starts with safety. A commitment to safety permeates
everything we do. We are committed to protecting the safety and health of
the general public, astronauts, the workforce, and our high-value assets,

No activities are important enough to compromise the safety and health of
any person. If you suspect something isn't quite right, trust your
instincts and your experience, and do something to correct the situation.
1% something about this project, or any task, is unclear, ask for
clarification.

JSC is an OSHA Voluntary Protection Program (VPP) Star site. Thisg means
that our safety and health program exceeds the minimum QSHA requirements;
that we continue to improve our program; that we want you to join with us
on making this site a safe place to work. Baecause of this what was
acceptable in other places may not be acceptable here.

The J5C's safety and health policy is that:

All mishaps can be prevented and everyong must remove or control
hazards at work. Management will maintain a safe workplace and
ensures employees are trained to work safely. Employees are aexpected
to work safely and watch out for others. Working safely will result
in the best possible performance,

A Safety and Health Culture

Satety and Health are of paramount concern. We asgure a commitment by
employing systems and processes that ensure the safety and health of the
public, the employees, and assets. We ensure gafety in all aspects of
personal endeavors and we are committed to ensuring the safety of others,
vWe take ownership for safety. We know every incident ls preventable.

All emplovees should be aware of the hazards and the precautions te be
taken in performance of work. We not only watch out for ourselves, but we
watch out for others around us. Enow not only the hazards of your work and
how your work affects others, but the hazards of other work around vou.
Here at J5C we are our "brother's keepern.

Near Migs/Close (Call identification by all emplovees is a positive
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mechanism that leads to incident prevention and worker protection.

.1.1.3 Construction Safety and Health Goals

In this spirit, we expect the Contractor to lrmplement the safety and healzh
provisions of this section so that:

a. Everyone involved in this project goes home as healthy as they
arrived,

. This constructicn work site is free of recognizable harards.

<. We have zero reportable incidents in the workplace.

L2 SUMMARY

The requirements of this Section apply teo, and are a component part of,
each section of the specificatiocns and requirements of the control package.

.3 REFERENCES

The publications listed below form a part of this specification to the
extent referenced. The publications are referred to within the text by the
basic designation only.

U.5. HATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

10 CFR 20 Standards for Protection Against Radiation

29 CFR 1910 Cccupational Safety and Health Standards

29 CFR 1826 Safety and Health Regulations for
Construction

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA}

NEFPA 30 (2007; Errata 2008) Flammable and
Combustible Liguids Code

JOHNSON SPACE CENTER

JPR 1700.1 Johnson Space Center Safety and Health
Handbook

-4 SUBMITTALS

Government approval is required for submittals with a *G" designation:
submittals nct having a "@" designation are for information only. Submit
the following in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:
5D-01 Freconstruction Submittals
The Contractor shall submit the following items in accordance with the
paragraph entitled, "Safety and Health Plan Reguirements, * of this
zection:

Contractor's General Safety and Health Flan; C
Y

Contract Specific Safety and Health Pilan; &
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Subcontractor's Safety and Health Plans; G
505-02 Shop Drawings
The Contractor shall submit the fellowing in accordance with the
paragraph entitled, “pPre-Use Planning for Hazardous Operations, " of

this specification.

Pre-use plans; &
Advanced Notification of Eguipment: G

8h~03 Product Data
The Contractor shall submit the following in accordance with the
paragraph entitled, “"Hazard Communication Program, * of thisg

specification

Listing of all Hazardous Material; G
Matrerial Safety Data Sheets; @

5D-06 Test Reports

The Contractor shall submit the fellowing items in accordance with the
paragraph entitled, *"Safety and Health Activity Reports,® of thig
specification:

Safety and Health Activity reportg; G

The Contractor shall submit the feliowing items in accordance with the
paragraph entitled, "Exposure Menitoring," of thisg specification:

Exposure Monitoring: @
5D-07 Certificates
The Contractor shall submit the following items in accordance with the
paragraph entitled, “Radiation and Laser Safety,” of this

specification:

US Nuclear Regulatory Commission Licenses; @G

.5 SAFETY AND HEALTH PROCRAM GENERAL PROVISIONS

The Contractor shall take all reasonable safety and health meagures in
performing under this contract and shall submit safety and health plans for
the Contracting Officer's approval. The Contractor is subject to: (1) alil
applicable federal, state, and lecal laws, regulations, ordinances, codes,
and orders relating to safety and health in effect on the date of this
contract; and {2) shall comply with safety and health gtandards,
specifications, issuances, reporting reguirements, and proevisions in the
current Johnson Space Center Safety and Health Handbook, JPR 1700.1. Zes
paragraph sntitled, “Compliance Reference, * of thig section.

During the performance of work under this Contract, the Contractor shail
comply with procedurss prescribed for the control and safety of perscns
vislting the project site. The Contractor is responsible for hig personnel
and for familiarizing each of his subcontractors with safety and health
requirements. The Contractor shall advise the Contracting Officer of any
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special safety restrictions established 80 that Government personnel can be
notified of these restrictions.

Contracting Officer may, from time to time, notify the Contractor in
writing of any noncompliance with the provisions of this specification and
may specify corrective action to be taken. Further, the Contractor shail
take or cause to be taken such other safety and health measures, as the
Contracting Officer shall direct. The Contractor shall, after receipt of
such notice, iﬁmeéiately Lake corrective action.

If the Contractor fails or refuses to institute prompt corrective
action in accordance with the above, the Contracting Officer may
invoke the provisions of the clause in the contract entitled "Stop
Work, " or may invoke whatever other rights are available to the
Government under the terms and conditions of this contract or at
common law, to remedy such failure or refusal to institute prompt
corrective action,

The Contractor agrees that authorized Government representatives of the
Contracting Cfficer shall have access to and the right to examine the sites
Or areas wnere work under this contract is beinyg performed to determine the
adequacy of the Contractor's safety and health measures under this
specification.

The Contractor shall maintain copies of the Contractor’s General Safety and
Health Plan, the Contract Specific Safetyv and Health Plan, each
Subcontractor's Safety and Health Plans, permits, Material Safety Data
Sheets, and other Safety and Health Program documents on-site readily
available for review by alil employees, subcontractors, the Contracting
Cfficer and the Government’'s Safety and Health Representatives.

The Contractor shall ensure that each pew employee receives safety and
health orientation and that all employees are initially and regularly
trained in job safety and health. The Contractor's personnel shall have
undergene all OSHA reguired safery and health training applicable to this
project. JSC specific safety and health training may be used to supplement
required training but is not intended to replace minimum required OSHA
training

1.5.1 Meetings

After the Pre-Construction Conference, before start of construction, and
pPrior to acceptance by the Government of the Safety and Health Plans, the
Contractor ghall meet with the Contracting Officer to discuss the Safety
and Health Program. During this meeting, & mutual understanding of the
Contractor’s Safety and Health Program and how it integrates with tne
Jehnson Space Center Safety and Health reguirements shall be developed.
Digcussions will include the hazard assessment process, procedures,
permits, emergencies, and other regquirements .

The Contractor shall meet with the Contracting Officer in a preparatory
phase meeting prior to each feature of work to discuss safety and health
issues for that Feature of work. Discussions will include hazard
asgesaments, procedures, permits, emergencies, and other requirements,

There may be occasiong when subsegquent conferences/meetings may be called
by either party to reconfirm mutual understandings, to discuss changes to
the Contractor’'s Safety and Health Plans, and/or to address deficiencies in
the Safety and Health Program or procedures which require corrective action.
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Each work crew shall conduct Daily Safety and Health Review meetings,
These "Tool Box" type meetings shall be held before the start of esach
crew's work shift activities or before the start of a new task/activity
during a work shift. These meetings shall be led by the work
activity/eraft supervisor, foreman, or crew chief and shall review/discuss:
{a} pasic job steps for the task/activity, (b} potential hazards and
corrective actions for each job step, (c) precautions, permits, personal
protective eguipment, barricades, energy isclation, work platforms, and
abatements necessary for the activity, and {(d) other pertinent topics and
igsues. Attendance will be recorded. A bBaily Safety & Health Review form
shall be used to document minutes of this meeting (see suggested form
attached at the end of this section}. The Contracting Officer shall bpe
notified at least 48 hours in advance of the fime and location of each
crew's meetingl(s).

The Contractor shall prepare the minutes of each meeting described in this
section and furnish them to the Contracting Officer to become part of the
contract file.

5.2 Inspections

The Contractor shall implement, as a minimum, a four phase inspection
system for all definable features of work, as follows:

.5.2.1 Preparatory Inspection

This shall be performed prior to beginning any definable feature of work.
Tt shall include a review of contract requirements {(with all personnel
responsible for supervigion of the work). Review of contract requirements
shall include; a check to assure compliance for all specific regquirements
for the feature of work, a review of the appropriate activity hazard
assessment, hazard abatement plans, and a discussion of procedures for
controlling the safety of the work including repetitive deficiencies;
examination of the work area to ascertain that =ail preliminary work has
been completed. The Contracting Officer shall be notified at least 48
hours in advance of each preparatory inspection and such inspection shall
be made a matter of record in the Contractor's safety documentation.
Preparatory Inspections will be reconvened when and if changes in the work
Or Ccrew Qocur.

5.2.2 Initial Inspection

This shall be performed as scon as hazard abatement plan is in place for
that particular feature of work. The inspection shall include examinarion
of the physical implementation of safety and health contract regquirements;
a review of safety and health procedures, a review of compliance with the
activity hazard analysis. The Contracting Officer shall be notified at
least 24 hours in advance of the inspection and such inspection shall be
made a matter of record in the Contractor's safety documentation. Initial
inspections will be reconvened when and 1if changes in the work or crew
occour,

.5.2.3 Follow-up Inspection

These shall be performed daily to assure continuing compliance with
centract reguirements until completion of the particular feature of WOTHK,
Such inspection shall be made a matter of record in the Contractor's safety
documentation.
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.5.2.4 Weekly Inspections

The Contractors shall inepect the site at least weekly for hazards and
failures in following safety, health, and envirommental requirements and
decument any identified hazards in accordance with JPR 1700.1 Chapter 10.1
"Safety and health requirements Ffor designing, constructing, and operating
facilities,* Chapter 2.4 Hazard Abatement, Chapter 2.5, “Routine
Inspections, " and Chapter 3.5 *Hazard Correction Tracking®.

.5.3 Safety and Health Activity Reports

These reports shall be on an acceptable form and shall include factual
evidence that required safety and health activities have been performed.
The original and cne (1} copy of these reports shall be furnighed to the
Government daily within 24 hours after the date({s) covered by the report,
except that reports need not be submitted for calendar days on which ne
work is performed. One (1) repert shall be prepared and submitted for
every 7 calendar dayvs of no work and on the last day of a no work period.
All calendar daye shall be accounted For throughout the life of the
contract. The first report following a day of no work shall be for thar
day only. Reports shall be signed and dated by the Safety and Health
System Professional or Safety and Health System Specialist. The report
shall include coples of reports prepared by all subordinate safety staff
personnal. The reports will include, but not limited to the following:

Plans and permitsg submitted/furnished/approved

MSDS submitted.

Inspections performed with results and references to specificarion
section or OSHA paragraph. The control phase should be identified
(Preparatory, Initial, Follow-Up Completion, or Weekly). List all
deficiencies noted along with corrective action taken or proposed.
Investigations of reported hazards, mishaps, close calls/near misses,
and other zafety and health related incidents with action taken to

correct and to prevent recurrence.

List instructions given/received

.5.4 Inspection and Hazard Tracking Records

Contractor shall maintain cn-site the records of each inspection performed
throughout the life of the contract. Records shall irclude, but not he
limited to, factual evidence that the required inspections or tests have
been performed, including type and number of inspections, result of
inspections, nature of defecty, causes for rejection, proposed remedial
action, and corrective action taken.

4.1 Hazard Tracking System

The Contractor shall have a system for initiating and tracking hazard
alimination or control. The system must; (1) track all hazards identified
through insgpections, investigations, employese reports, survevs, near
misses/close calls, etc. to completion and (2) include interim measures to
protect employees and the environment from hazard while permanent action ig
in work.

SECTICN 01 41 06.00 80 Page 8
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1.5.4.2 Hazard Tracking Records

The Contractor shall maintain harzard Cracking records that tracks the
hazards to closure in accordance with JPER 1780.1 Chapter 3.5 "Hazard
Correction Tracking". Records shall include at least the following
information: Hazard Identified, when and where identified, actionsis) taken
to <orrect the hazards (Abatement Plans!, and when corracted,

1.5.4.3 Hazard Abatement Plans

The Contractor shall record hazard correction te ¢losure using abatement
plans {alsc commonly referred to as action plans or corrective action
plans} developed te address hazards found during hazard analyses, mishap
investigations, close call investigations, inspections, surveys, and other
similar activities where hazards are identified and analyzed.

1.5.5 Mishap Investigation and Reporting

The Contractor will repor: immediately (within 24 hours) by telephnone and
by NASA Form 1627 (NASA Mishap Report}) to the Contracting Officer all
mishaps which fall into the categories:

Type A - Mishaps causing occupational injuries and/or illnesses thar
result in a death, a permanent total disability, or the
hospitalization for inpatient care of 3 or more people within 30
workdays of the mishap; or causing damage to equipment or property
equal to or greater tham $1 million.

Type B - Misghaps causing cccupational injuries and/or ilinesses that
result in permanent partial disability to one or more persons or
result in hospitalization for inpatient care of 1-2 people within 30
workdays of the mishap; or causing damage to eguipment or property
equal to or greater than $250,000, but less than $1 million.

Type C - Mishaps causing a non-fatal occupational injury or illness
which resules in a lost workday case or a restricted duty case or a
transfer to ancther job: or causing damage to eguipment or property
equal to $25,000, but less than $250,000.

Type D - Mishaps cauging non-fatal OSHA recordable injuries and/or
ilinesses that do not meet the definition of Type C; or causing
property damage less than 325,000, but greater than 51,000.

Instructions for completion of the NASA Form 1627 are printed on the
reverse of the form, Blocks 1-22, 27-28, and 33 are regquired to be filed
with the Contracting Officer within 24 hours of the mishap.

The Contractor will investigate all such work related incidents or
accidents to persons and property to the extent necessary to positively
conclude what cause or causes resulted in said accident or incident. After
tha Contractor completes an investigation of the mishap and has developed a
plan of corrective action, the Contractor will complete the rest of the
NASA Form 1627 and submit it to rhe Contracting Officer or his/her
representative and the Occupational Safety Team. If an investigation board
is convened or will be convened, the supervisor or Safety Representative of
the Contractor will complete the form as best as possible and forwards it
te the Contracting Officer or his/her representative and the Qccupational
Safety Team,

SECTION 01 41 00.00 80 Page 9
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5.6 Near Mizs Investigation

A Near Miss/Close Call is defined as an unplanned occurrence in which there
is no recordable injury, equipment or property damage less than $1,000, no
interruption of preductive work, but which has the potential for any of the
Mishap categories shown in the paragraph entitled, *Mishap Investigation
and Reporting” of this section. A Near Miss/Close Call may result from
hazards or unsafe acts.

The Contractor will develop a method or provess for his/her employees, or
subceontractor emplovees, to anvnymously report Near Misses/Close Calls.

The process for reporting Near Misses/Close Calls shall be explained to all
Contractor and Subcontractor employees.

The Contractor will investigate all such Near Misses/Close Callg to persons
and property to the axtent necessary to positively conclude what cause or
causes resulted in said Near Miss/Close Call. The Contractor will document
his/her investigartion and develop a plan of corrective action. The
corrective action plan shall be entered into rhe Contractor's Hazard
Tracking System. This documentation will remain on the project site for
the duration of the project and shall be made available for review by the
Contracting Officer.

5.7 Form JFZ288 "Statistical Informationr

Contractor will provide a Johnson Space Center Form JF288, Statistical
Information - Contractor Safety and Health Program, to the Contracting
Officer each month during the contract period and also at the end of the
contract.

.5.8 Clearance of Roadways

The Contractor shall keep clear for traffic at least one-half of any
roadway involved in his operations, and any such rcad clearance shall be
adeguate for not less than one-way traffic.

.5.9 Protection From Injurious Rirt and Dust

The contractor shall protect existing structures, machinery and eguipment
from injuricus dirt and dust from the construction operations at all
times. Rubbish and flammable material shall be removed at once.

.5.10 Hydrostatic or Other Special Testing

Where hydrostatic or other special testing above 25 psig is required under
the Contract, the Contractor shall submit for approval a complete and
detailed testing procedure and shall not undertake any such testing until
the procedure has been approved.

.6 SAFETY AND HEALTH PLAN REQUIREMENTS

LB L Contractor’s General Safety and Health Plan

The Contractor shall submit a current, comprehensive, written Ceneral
Safety and Health Plan describing the Contractor’s overall Safety and
Health Program. The Ceneral Safety and Health Plan shall be submitted and
approved prior o work activities being started., The General Safety and
Health Plan shall contain the following items at a minimum:

SECTION 01 41 00.00 8C Page 10
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Safety and Health Policy of the corporation/company signed by the
firm’s CEQ, President, Owner, or other senior executive
Purpecse and Scope of the Safety and Health Program

Management Leadership Commitment and Fmplovee Involvement in the
Satety and Health Program

Responsibilities of participants in the Safety and Health program
Managers
Supervisors
Emplovees
Safety and Health Manager
Training Ceordinator
Process for Hazard Assessment

Process for reporting hazards and Close Calls/Near Misses and mishaps
within the company structure

Process for investigating reported hazards, mishaps and close
calls/near misses within the company

Processes for hazard identificatien, prevention, and control as
applicable:

Inspections and Surveys
Exposure monitoring (chemical, noise, radiation)
Asbestos Program

Lead and Heavy Metal Exposures
Confined 3Space Entry Program

Hearing Conservation Program

Written Harzard Communication Program
Written Respiratory Protection Program
Personal Protective Equipment

Energy Control and Lockout/Tagout
Welding and Cutting Program

Fall Protection Program

Crane Operations and Heavy Lifting

Material Handling Program

SECTION 01 41 0C.00 80 Page 11
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Scaffolding and Ladder Saferny

Excavations and Trenches

Concrete and Masonry Program

Motor Vehicle and Heavy Squipment Operation

Demolition

Other construction activities applicable to the fFirm
Safety and Health Training Reguirements

New Employee Orientation

Initial and refresher training all employees must receive

Initial and refresher training specific to on-the-job hazards and
activities

Safety and Health Program Reguirements for subcontractors
6.2 Contract Specific Safety and Health Plan

The Contractor shall submit a comprehensive, written Contract Specific
Safety and Health Plan describing how the Contracter’s General Safety and
Health Program will be tailored to the activities on this contract at
Johnson Space Center. The Contract Specific Safety and Health Plan shall
be submitted and approved prior to work activities being started. The
Contract Specific Safety and Health Plan shall contain the following items
at a minimum:

Names of:

The Safety & Health System Specialist ($HSS). Provide a resume
listing this individual’s education, work experience and training
in occcupational safety and health toples.,

The Safety & Health System Professional {SHSP}, if applicable,
Provide a resume listing this individual's education, work
experience, and training in occupational safety and health topics.

The appropriate “Competent Person” for specific activicies., &
“Competent Person” must be named for confined gpace entry,
asbestos work, lead abatement, scaffolding, assured grounding,
lonizing radiation, rigging equipment, fall protection,
excavations, steel erection, and other construction activities as
regquired by OSHA. Provide documentation of each person’g
competency. These names may be provided at the peginning of each
construction feature of work.

Hazard Assessment (s) specific to the construction activities with
identified hazard controls and PPE.

The Contractor's Daily Safety and Health Review Form to be used on the
project.

Standardized company procedures that incorporate recognized controls

SECTION 01 41 00.00 80 Page 12
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for the protection of personnel and DYoperty.
The contractor should include any standardized procedures written
for activities to describe how the contractor’s emplovees will
perform that activity or use eguipment.
Recognized controls include the use of: Ffixed, rigid and flexible
barricades, warnings, limited accegs signs, personal protective
eguipment, work practices, shielding, lockout/tagout, and
inspections,

Ground Fault Protection Program

Safety and Health Training that employees will receive bhefore

beginning work at JSC and a description of how the training will be

documented.

Procedures for hazardous material spill/release at JSC.

Emergency procedures in the event of a fire, personnel injury, and
property damage at J8C.

Hazard Communication Program to include location where Material Safety
Data Sheets will be kept at the job site,

Written Respiratory Protection Program, 1f applicable.
Frequency and location of Safety and Health meetings.
Compliance, Enforcement, and Disciplinary actions.

Description of methods and procedures to assure compliance with
the Safety and Health Plan by employees and subcontractors.

Description of methods and procedures to enforce safety and health
reguirements with hig employees and the subcontractor’'s employees.

Description of methods and procedures for the discipline of
employees (both his and subcontractors') for violations of the
safety and health plans.
Description of methods and procedures for award and reward of
employees {borh his and subcontractors’) for outstanding
implementation and compliance of the safety and health plans,
Drug Free Workplace Program
Visitor Protection and Control Program

Safety barricades, signs, and signal lights

Safeguard the public and Government perscnnel, exposed to
operations and activitias

Include company procedure for defining smoking risk for the various

phases of work. Include company procedure for establishing,
maintaining, and enforcing smoking only in designated areas.
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1.6.3

Subcontractor Safetry and Health Plans

The Contractor shall submit detailed, written Subcontrastor Safety and
Health Plans as described below. PBach subcontractor’s plan shall be
specific to the activities at Johnson Space Center. The Subcontractor

Safety and Health Plans shall be submitted and approved by the Contracting

Offiver pricr to subgontractor work activities being started. 'The
requirements for Subcontractor Safety and Health Plans are:

1.

3.

The Subcontractor’s Safety and Health Plan shall be a
combination of all applicable topics as described in the general

and contract-specific plans from paragraphs entitled, *Contractor’'s
General Safety and Health Plan,® and *Contract Specific Safety and

Health Plan, ' of this section.

Except as listed in the following paragraphs 3 through 8
subcontractors may elect to participate in and be covered by the
Prime contractor’s Safety and Health Program,

A senior executive of the subcontractor’s firm must sign a
statement that thev will participate in the prime
contractor’s program. A copy of this document must be
submitted with the prime Contractor’s Contract Specific
Safety and Health Plan

The prime contractor will then be responsible for: the safety
and health of the subcontractor’s employees, providing and
documenting all safety and health training for the
subcontractor s emplovees, ensuring compliance with all work
practices and hazard assessments/analyses, obtaining permits

for all hazardous work performed by the subcontractor, and other
safety and health issues affecting the subcontractor’s employees

on thig contract.
The Subcontractor will provide:

Independently decumented Safety Experience Modifier Rate
{(EMR) used to calculate Workmen's Compensation Insurance.
The subcontractor must provide the current FMR and the
previous two years EMRs.

Certified evidence of the OSHA Total Recordable Tncident
Rate {TRIR) with NAICS Code for the current Recordable
Incident Rate (RIE) and the previous three full year‘s RIRs.

Certified evidence of the OSHA Days away f{rom work, days of
restricted work activity or job transfer (DART) rate with
NAICS Code for the current DART rate and the previous three
f11 year’s DART rates.

Informaticn on all 08SHA c¢itations issued to the firm over the
past three years. Additionally, provide informaticn on how
each citation was resclved or mitigated.

Informaticn on all previous OSHA-reportable mishaps (OHS
Forms 200 & 300) that have occurred in the past 3 ysars to
include: any fatalities that have cccurred; ldentify whether
the investigation has been compleced and the results; The
cauge of the safety and health mishaps; describe the
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corrective action taken and when it was implemented. If the
corrective action has not yvet been implemented, provide the
planned implementation date. The feliowing website ghall be
used o verify data. (http://www.osha.govioshstats/index.html)

S

Subcontractors performing asbestos related work at NASA JS8C must
provide their firm’'s Safety and Health Plan in accordance with
paragraph 1 above. This plan must discuss work procedures, provide
a written Hazard Communication Program, and provide a written
Respiratory Protection Program. This plan must demonstrate
compliance with 29 CFR 13926.1101, 29 CFR 1910.134, and JPR 1700.1
Part 12 Asbestos Control Reguirements. The Contracting Officer
will approve this written document before the subcontractor is

-

allowed to perform asbestos work at J&C,

5. Subcontractors who require the use of respiratory protection, or
voluntarily allow it to be worn, must provide a written Respiratory
Protection Program demonstrating compliance with 29 CFR 1910.134.
The Contracting Officer will approve this written document before
the subcontractor is allowed to perform work at JSC.

&. Subcontractors performing work with lead-containing materials at
NASA JSC must provide a written plan demonstrating their compliance
with 29 CFR 1926.62. The Contracting Officer will approve this
written document before the subcontractor is allowad tec perform
work at J&C.

7. Subcontractors performing leading edge work; or working on
scaffolds, roofs, steel structures; or working at unprotected
heights above 6 feet must provide must provide a written fall
protection plan demonstrating compliance with 29 CFR 1926 Subparts
L, M, R, and X as applicable.

8. Subcontractors performing work on energized systems (electrical,
hydraulic, kinetic, mechanicai, pressurized, etc) must provide a
written plan demonstrating compliance with isolation and
lockout/tagout (LOTO) requirements of 29 CFR 1910.147 and JPR
1700.1 Chapter 3.5 *Hazard Correction Tracking".

.6.4 Changes to Safety and Health Plans

After acceptance of the Safety and Health Plans, the Contractor shall
notify the Contracting Officer in writing a minimum of seven (7) calendar
days pricr te any proposed change. Proposed changes must be submitted to
the Contracting Officer for approval.

7 SAFETY AND HEALTH SYSTEM ORGANIZATION REQUIREMENTS

L7 Safety & Health System Specialist (5HSS)

The Contractor shall provide a Safety & Health staff at the work site at
all times during progress with complete authority to take any actiocon
hecessary Lo ensure compliance with the Safety & Health Contract
requirements. All Safery & Health perscnnel shall be subject to acceptance
by the Contracting Officer. The following are considered minimum
reguirements and should be supplemented as necessary to assure adeguate
staff to meet the Safety & Health reguirements at all times during
construction.
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The Contractor shall identify an individual, within his crganization work
site, who shall be responsible for the overall Safety & Health System and
have the authority to act in all Safety & Health matters for the
Contractor. The SHSS shall report directly to the site management
autharity or upper management in the Ceontractor's off-site organization.
This SHSS shall be on-site at all times during construction, unless: An
alternate for the Safety & Health System Specialist is identified in the
pilan to serve in the event of the Safety & Health System Specialist
abgence. The S5HSS will not be absent from the work site for veriodsg
exceeding 1 week at any time, and not more than 20 workdays during a
calendar year. The reguirements for the alternate shall be the same as for
the designated Safety & Health System Specialist.

The Safety & Health System Specialist shall either: {i) have a Bachelor of
Science or higher degree in Engineering, Safety, Industrial Hygiene, or
related field from an accredited institution, with a minimum of 5 vear's
Safety & Health experience on similar type construction, or (iiy be a
Certified Safety Professional {(CSP) as defined by the Board of Certified
Safety Professionals (BCSP). http://www.bosp.org/

7.2 Safety & Health System Staff

The Contractor shall provide as part of the Safety & Health System
organization, as a minimum, specialized personnel for sach definable
feature of work (see Section 01 45 04.00 80 CONTRACTOR QUALITY CONTROL) .
These persconnel shall assist and report te the SHSS. FEach perscn will be
respongible for assuring the Safety & Health complies with the Safety &
Heaith requirements for their area of specialization. These individuals
shall be responsible to the SHSS:; be physically present at the construction
site during work on their areas of responsibility; have the necegsary
education and experience in Safety & Health System compliance in those
areas. A staff shall be maintained under the direction of the SHSS to
perform all Safety & Health activities. The staff must be of sufficient
number teo ensure adequate Safety & Health System coverage for all features
of work, crafts, work shifts, and work crews involved in the congstruction.
Thege personnel may perform other duties, but must be fully gqualified by
experience and technical training to perform their assigned Safety & Health
regsponsibilities and must be allowed gufficient time to carry out these
responsibilities. The Safety & Health Plan will clearly state the duties
and responsibilities of each staff member.

.8 Special Safety and Health Program Regquirements

.8.12 Hazard Assessment and Daily Safety and Health Review

Identify hazardous cperations as defined in JPR 1700.1 Chapter 10.1 "Safety
And Health Requirements For Facilities And Facility Systems® and Chapter
5.8 "Hazardous Cperations: Safe Practices and Certification®.

Identify safety and health hazards assoclated with construetion activities

Prior to the start of work, prepare and submit Hazard Assessments {(i.e. Job
Hazard Analysis (JHA}, Job Safety Analysis (JSA), Work Site Hazard Analysis
{(WSHA} ), which includes hazard abatement procedures and controls, for each
definable feature of work or identified hazardous operaticn in accordance
with JPR 17060.1, Chapter 2.5 "Hazard Correction Tracking®,

This Hazard Assessment shall be documented on the Hazard Asgsesament
Worksheet form (attached fo this section) or equivalent. The hazard
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assessment will list tasks/steps, describe potential hazards, specify
required engineering, administrative, or personal protective eguipment
[PPE} controls, and verification. The foreman or crew chief will be

familiar with the hazard assessments applicable to his/her activities.

The Contractor and each Subcontractor shall conduct Daily Safety and Health
Review meetings with his/her emplovees before the start of each crew's work
shift activities or before the start of a new task/activity during a work
shift. 8See paragraph titled "Meetings* above. The daily review will
address all hazards listed on the Hazard Assessment Workshest ,

The hazard assessments ghall be updated az conditions change
1.8.2 Pre-use Planning for Hazardous Operarvions

The Contractor shall submit the following information relating to hazardous
operations and the equipment used in those operations requiring a pre-use
inspection.

Pre-use plans, drawings, or sketches for crane lifring/rigging,
working under suspended loads, scaffold erection, fall protection,
excavations and trenching, blocking, and demolition.

Advanced notification of equipment to be used on-gite, which requires
pre-use inspections, must be made at least 48 hours prior to intended
use. Advance notification is required for scaffeolding, lifring,
blecking, fall pretection, and mechanized equipment.,

The Contractor shall complete Johnsen Space Center Forms JF8, Hazardous
Operation Permit, or JF 1475, Hot Work - Welding -~ Cutting Permit, for
operations as described in JPR 1700.1, Chapter 3.5 *Hazard Correction
Tracking". These permits are reguired for activities involving welding,
torch cutting, operating a crane, applying pesticides, working with high
voltage electricity, operating aerial 1ift buckets or truck platforms,
operating Class 3A or 3B or 4 lasers, using radioactive materials, using
industrial x~ray machine, and handling cryogenic materials. These forms
shall be provided te the appropriate JSC office for approval and issue of
permit prior te the start of the operation.

1.8.3 Critical Lifts

Critical lifts are identified as those lifts that involve special, high
doliar items, one-of-a kind articles, spacecraft or major facility
components, whose loss would have serious programmatic or institutional
impact. Critical lifts must follow the requirements for "oritical liftst
in NASA Technical Standard; NASA-STD-8719.9; NASA Standard for Lifting
Devices and Equipment; Revised 9 May 2002. Critical loft regquirements
include: special design features, maintenance, inspection, and test
intervals, extra operator training and certification, and specific written
procedures for each 1ifec.

. 8.4 Emergency Response

[

The emergency telephone numbers for use at JSC will be posted in a readily
vigikle location.

The contractor shall exercise his emergency procedures for fire, personnel

injury, and property damage within the first 60 calendar days of the notice
to proceed and at least annually there after.
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All fires and all accidents regquiring medical response will be reported
immediately by telephone to the JSC Emergency Operations Center (EOCY at
281-483-3333 {or 281-244-4444 at Ellington Field)

1.8.5 Minimum Construction Safety Training

J5C 0.5-heur Orientation to Safety and Health ar Johnson Space Center for
all employees prior to issuance of site access badge.

Heouston Area Safety Council (HASC) 4.5-hour General Safety, Health, and
Hazard Recognition ~ "Basic Orilentation Piug” for all emplovees prior to
issuance of site access badge. Valid for 2 VEears.,

HASC 1.5 hours JSC Site Specific Safety and Health Awareness for all
employees prior to issuance of site access badge. Valid for 2 vears.

OSHA 19-hour 29 CFR 1926 Construction Industry Safety Training (craft
specific) for all first line supervisors (i.e. foremen, crew chiefs) and
employees designated as a "competent person.” Valid for 4 vyears.

OSHA 30-hour 29 CFR 1926 Construction Industry Safety Training for all
project managers, superintendents, supervisors and the SHSS. valid for 4
years.

JEC 3 hour Confined Space Training for employees prior to entering a
Confined Space and first line supervisor, project managers,
superintendents, competent person, and the SHSS. valid for 2 years,

JSC 4 hour LO/TO Training for exposed employees, first line supervisor,
project managers, superintendents, competent person, and the SHSS. valid
for 2 vears.

JEC 6 hour Asbestos Class 11T O&M {Restricted) if do Class III asbestos
work. Initial plus annual 2 hour refresher.

OSHA Agbestos training as reguired by JPR 1700.1, Part 12 if do Class
IJIT/TIY work., Initial plus annual refresher.

The Contractor shall conduct Safety and Health orientation training with
#lil employees of each crew prior to the start of each definable feature of
work. The orientation will discuss The Safety and Health Program, hazard
analyses, procedures, the Hazard Communication Program, emergencies,
training, and permits. Attendance will be recorded. The Contracting
Cfficer shall be notified at least 48 hours in advance of thig training.

s

.8.6 Approved Training Sources

JSC offers onsite S&H training on a pre-established schedule basis that
will be made available. Courses listed above may also be cbtained from the
Houston Area Safety Council (HASC) or other Safety Council that ig listed
as a member in good standing with the "Association of Reciprocal Safetry
Councils, Inc, (ARSCI)™

.8.7 Proof of Training

s

Empioyees shall maintain evidence that the required training has besn
completed and 1s current pricr to working on the jobgite. Acceptable
evidence of ctraining:
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1.

Badge from HASC or ARSCI.
Card(s] ilssued by JSC.
OSHA Card showing course topic signed by an OSHA certified trainer.
Attendance records for safety and health orientation training.
3.8 Training Documentation

The Ceontractor shall submit documents showing that emplovees performing any
CSHA Class I/Class II/Class 111 asbestos work at JSC have received the
training reguired by JPR 1700.1, Part 12, Asbestos Centrol Reguirements., A
copy ©f a current Texas Department of Health (TDH} Asbestos Worker License
cor a current TDH Asbestos Supervisor License is sufficient documentation of
training for OSHA Class I and Class II work. These documents shall be
submitted to the Contracting Officer far review prior to start of any
asbestos related work.

The Contractor shall submit documents showing that employees performing any
OSHA Class I/Class II/Class 111 asbestos work at JSC have a current medical
examination and a current respirator fit test.

The Contracteor shall submit decuments showing that employees performing
Lead Abatement Work are trained to the requirements of OSHA Standard

29 CFR 1926.62 and have a current respirator fit test. A copy of a current
TDH Lead Abatement Worker License is sufficient documentation of training,
These documents shall be submitted to the Contracting Officer for review
prior to start of any lead abatement work.

Documentation of Asbestos Training, Lead Abatement Training, and all other
reguired Safety and Health Training shall be maintained on-site by
Contractor and shall be made available for review by the Contracting
Officer.

.8.9 Hazard Communication Program

The Contractor shall have a written Hazard Communication Program mesting
the reguirements of OSHA Standard 29 CFR 1910.1200.

Provide a listing of all hazardous material to be used on the contract and
a Macerial Safety Data Sheet (MSDS) for each item on the list. Current
lists and MSDS shall be provided prior to each Construction Feature of Work.

The Contractor shall submit MS$DSs using a NASA/Johnson Space Center Form,
JE 277, Reguest for Material Safety Data Sheets Provessing, for inclusion
in the JS8C MSDS Database as required by JPR 1700.1, Chapter 2.5 "Hazard
Correctlon Tracking". The MSDSs must be accepted before the harzardous
material is brought on-site.

The Contractor shall maintain at the contract job site a copy of the
hazardous material list{s) and an MSDS for each hazardous material used

during the 1ife of the contract.

The Contractor shall ensure that each subcontractor is covered by a Hazard
Communication Program
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[

ot

2.10 Exposure Monitering

The Contractor shall conduct any perscnnel exposure monitoring required for
work involving airborne inhalation exposures to hazardous materials.

Contractor shall submit copies of exposure monitoring results, along with
an explanation of the operation monitored, to the Contracting Officer.

The Government's Safety and Health representatives may conduct personnel or
environmental exposure monitoring to verify the adequacy of work
procedures. Exposure monitoring may be conducted for axposures $o
asbestes, lead, and other hazardous chemicals. The Covernment will furnish
the centractor the perseonnel exposure monltoring results. The Government's
air monitoring is for the governments use only and is not intended Eo
replace the use of proper safety and health procedures when working with
hazardous materials.

.8.11 Asbestos

.8.11.1 Existing Asbestos Materials

Exigting Asbestos Materials may be found in and on, but not limited to,
areas above suspended cellings, mechanical rooms, and below raised computer
flooring. Asbestos containing materials {ACM) are known to exist in
spray-applied insulation and fireproofing, sprayed or troweled acoustical
ceilings, pipe and boiler insulation, ceiling tiles, and floor tiles.
Asbestos dust and debris (contamination) have been found to exist in
facilities where there is no visible deterioration of known ACM products.
See Sectiom 01 22 00.00 80 SPECIAL REQUIREMENTS to determine

if asbegtos is expected to be found and/or removed as part of this
project. Specific requirements for the handling of asbestos are also
addressed in Section 01 22 00.00 80 SPECIAL REQUIREMENTS.

.8.11.2 New Asbestos Materials

Agbestos materials and products containing asbestos in any form shall not
be used, specified, or installed without the expregs, advanced written
congent or direction of the Contracting Officer. In the event of any
inconsistency between this specification and any other contract
specification, this specification shall apply.

.8.11.3 Ashestos Related Work

Contractors performing any work involving asbestos must follow the criteria
in the JSC Safety and Health Handbook, JPR 1700.: (latest version), Part
12, Asbestos Control Reguirements.

.8.12 Lead Containing Materials

Lead containing materials may be found ar Johneon Space Center on
structures, metal siding and decking, door frames, hand rails, and other
building system components. Additionally, lead sheeting may be found in
roof drains. See Section 01 22 00.00 80 SPECIAL REQUIREMENTS to determine
if leaded paint or other lead containing materials are expected to be found
and/or removed as part of this project. Specific requirements for the
handling of lead are also addressed in Section 01 22 00.00 B0 SPECIAL
REQUIREMENTS.

Contractors performing any work involving the abatement of leaded paints
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and other lead containing materials shall follow the criteria in the OSHA
Standard 29 CFR 1926.62. Activities which sand, grind, drill, or burn lead
containing paints may cause exposures which exceed OSHA criteria.

Where possible "peel-away” chemical strippers should be used to remove lead
containing paints from metal structures, siding, decking, and other metal
building components before sanding, grinding, drilling, cutting, welding or
torching. The paint shall be removed for a distance of at least six (6)
inches on either side of the cut line or area to be worked. Tf welding or
torching, paint shall be removed on all sides of the component:,

.8.13 Noise

The Contractor shall ensure that employees using or working around
equipment that produces continuous noise greater than 80 decibels on the
A-weighted scale (dBA) wear hearing protection regardless of the duration
of exposure.

The Contractor shall ensure that employees using or working around
equipment that produces impact/impulse noise greater than 100 decibels peak
sound pressure (dBP} wear hearing protection.

The Contractor shall identify hazardous noise areas where hearing
protection is required to be worn.

The Contractor shall ensure that employees are instructed on the proper
methed for inserting ear plugs and wearing aural "ear muff® protectors.

The Contractor shall provide hearing protection to any visitor entering a
hazardous noige area.

.8.14 Confined Spaces

Contractor will complete a Johnson Space Center Form JFS92, Confined Space
Entry Procedure, for each confined space., The Contractor will provide the
JF992 for approval before any entry/entries are made to any designated
JSC-permit or OSHA Permit space. Requirements for confined space entry at
J8C are found in JPR 1700.1, Chapter 3.5 "Hazard Correction Tracking".

The Contractor will complete a Johnson Space Center Form JF1476, Confined
Space Entry Permit, upon each entry into a confined space and retain
completed JFs 1476 on site for review and inspection by the Contracting
Officer.

.8.13 Radiatlion and Laser Safety

Radiographs shall be performed in an approved manner and in presence of an
approved source handler. Prior teo bringing any radiograph equipment on the
JSC Site, the Contractor shall obtain written approval from the Contracting
Officer of the procedure and type and size of radicactive socurce to he
used, plus date and time of testing. No testing shall be performed without
a JSC Form 8, Hazardous Operations Permit and presence of the inspector.
Approval to perform radiography at other than normal working hours will he
granted cnly when such work introduces hazards to other personnel working
in the vicinity of the testing

Any Contractor who brings radioactive material, radiographic equipment, or

an x-ray generator onte Johnson Space Center shall submit a copy of their
tate Agreement License or US Nuclear Regulatory Commission Licenses {See
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reference standard 10 CFR 20) to the Contracting Officer pricr to the
material or device arrival on JSC property.

The ugse of Class 2, 3 and 4 lasers must bpe approved by the Contracting
Officer before the device is brought onto JSC property, A Hazardous
Operations Permit, JSC Form 8, will be submitted for the use of Class 3 and
4 lasers.

L8186 Respiratory Protection

[

Employees wearing tight-fitting face-piece respirators, whether reguired or
voluntary, must show proof of current medical clearance, fit testing, and
training.

Contractors and subcontractors allowing employees to voluntarily use
filtering face pieces {i.e., dust masks), must provide those employees with
training in accordance with 2% CFR 1910.134.

1.8.17 Lockout/Tagout (LO/TQ) and Fnergy Control

The Contractor shall follow the reguirements of JPR 1700.1, Chapter 3.5
"Hazard Correction Tracking® for the control of energy (e.g.; electrical,
alr, steam, or fluid driven mechanisms) .

JSC will provide the Contractor with locks to perform lock out for energy
contyol. The Contracter will use the JSC Forms JF 192 and JF 1291A for tag
out .

1.8.18 Welding, Burning or Torch Cutting Work

The Contractor must ensure that safety precautions are in effect before,
and maintained during the performance of all such work. Personnel and
property must be protected from flash burns and sparks. The Contractor
shall see that each employee performing such work is thoroughly familiar
with all safety requirements.

The operation of all welding, burning, and torch cutting equipment
will be checked and approved by a competent person. Any defective
aguipment shall be put in safe operating condition immediately or
removed from the site.

Tarpaulins used for covers or shields must be fire resistant.

Shields must be used wherever possible. Where shields cannot be used,
the area must be specifically approved by the Contracting Officer.

An approved fire extingulsher, with the Contractor's name or label on it,
ig a must requirement with each welding, burning or torch cutting
operation. Operation is defined as one or more outfite operating in the
same confined area.

he Contractor will complete and provide a JSC Form 1475, Hobt Work -
Welding - Cutting Permit, to the appropriate J8C office for approval and
issue of permit prior to the start of any welding, burning or torch cutting
operation.

.8.19 Open Flames

[

The use of open-flame heating devices will not he allowed except by special
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permission of the Contracting Officer. 3Such permission will not be granted
unless the Contractor has taken all reasonable precautions to make such
devices gafe to include proper venting. Burning trash, brush, or trees on
the job site will not be allowed. Approval for the use of cpen fires and
cpen~fiame heating devices will in no way relieve the Contractor from the
regponsibility of any damage incurred because of fires.

1.8.2¢0 Flammable Materials
Flammable ligquids shall be steored and handled in accordance with NFPa 30,
Flammable and Combustible Liguids Code of the National Fire Protection
Association.

1.8.21 Fire Extinguishers

The Contractor shall provide a sufficient number of fire extinguishers on
gsite to meet the regulirements of 29 CFR 1926.150.

Each fire extinguisher shall be marked or tagged with the Contractor's
name. Bach extinguisher shall be inspected at lsast once per month. The
inspection will be documented and defective eguipment will be replaced
immediately.

.8.22 Severe Storym Warnings

[

The Contractor shall not perform outdoor construction activities when
lightning is within 6 miles of the Center and shall comply with JPR 1700.1,
Chapter 5.9 "Weather Safety Requirements'.

1.8.23 Drug Free Workplace Program
The contractor must provide a Drug Free Workplace Program that:

1. Containg a statement notifving empleovees that the unlawful
manufacture, distribution, dispensing, possession, or use cof a
contrelled substance is prohibited in the workplace and specifying
the actions that will be taken against employees for viclationg of

such prohibition;

2. Establishes an ongoing drug-free awareness program to inform
employees about:

The dangers of drug abuse in the workplace,
The policy of maintaining a drug-free workplace,

Any avallable drug counseling, rehabilitation, and emplovee
assistance programs,

The penalties that may be imposed upon employees for drug abuse
viclations cocurring in the workplace.

3. Provides all employvees engaged in performance of the contract with
a copy of the above statement.

4. Netifies employees in writing in the statement required above that,

as a conditcion of continued employment on this contract, the
employee will:
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[

Abide by the terms of the statement

Notify the employer in writing of the employee’'s conviction under
a criminal drug statute for a viclation occurring in the workplace
ne later than 5 calendar davs after such conviction

5. Notifies the Contracting Offiger in writing within 10 calendar davs
after receiving this notice of conviction, from an emplovee or
otherwise raceiving actual notice of such conviction. The nctice
shall include the pesition title of the employes,

6. Within 30 calendar days after receiving notice of a conviction,
take one of the following actions with respect to any emplovee who
is convicted of a drug abuse vielation occurring in the workplace:

Taking appropriate personnel action against such employee, up to
and including termination; or

Require such employee to satisfactorily barticipate in a drug
abuse assistance or rehabilitation program approved for such
purposes by a Federal, State, or local health, law enforcement, or
other appropriate agency; and

7. Make a good faith effort to maintain a drug-free workplace through
implementation of paragraphs 1) through 6).

B. A "Controlled substance® means a controlled substance in schedules
I through V of section 202 of the Controlied Substances Act (21
U.5.C. 812} and as further defined in regulation at
21 CFR 1308.11 -~ 1308.15.

.8.24 Roofing

Flamed Asphalt re-heaters shall not be allowed on building roocfs.

.B.25 Fall Protection

The Contractor shall ensure that any employee working at heights greater
than six (6) feet above a lower level (ten (10} feet on scaffold), to
include work on a ladder, is protected by a fall protection er fall
prevention system.

Employees performing leading edge work shall bhe protected by a fall
protection or fall prevention system.

The Contractor shall protect workers and visitors from falling objects.

.8.26 Smoking

Work sites shall have designated smoking areas that are away from hazardous
operations, and condition risk such as: combustible, flammable, and
ignitable sources. Contractor and subcontractor ernployees shall only smoke
in designated areas. Each smoking area shall be olearly marked "Smoking
Area”, maintained, and enforced by the prime contractor. ERach smoking area
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shall have an approved method for collection and disposing of smoking
products waste,

PART 2 PRODUCTS
Not Used

PART 3 PARTS
Not Used

-- End of Secrtion -~
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COMPANY (Print Name)

DAILY SAFETY & HEALTH REVIEW

DATE

SUPERVISOR (Print Name}

CRAFT

SUPERVISOR SIGNATURE
TASK ACTIVITY — List Basic Job Steps:

LOCATION OF WORK

POTENTIAL HAZARDS:
A Electrocution/Shock H Hot Surfaces O Excavations/Trenches V  Chemicals (MSDS Review}
B Fali From Heights I Pinch Points P ieadPaint W Restricted Access/Confined Space
| € work Overhead J__Flying Parlicles Q  Silica Dust X Poor Lighting
B Lifting: Manual/Mechanical K Vehicle Traffic R Asbsestos Y _ Heat StressiCold Temperatures
E  Rough/Sharp Material L Severe Weather $  Poor Work Position Z  Compressed Air
F  SlipperyiUneven Surfaces M Welding Fume T  Noise B AA  Repetitive Motion
G Machinery - Rotate/Moving N  Welding Arc U Flammable Materials BE (Other
ENTER LETTER OF POTENTIAL HAZARD AND CORRECGTIVE AGTIONS FOR EACH JOB STEP:
LETTER: CORRECTIVE ACTIONS TAKEN TO ENSURE SAFETY: (UBE REVERSE OF THIS SHEET IF ADDITIONAL SPACE IS NECESSARY)

SAFETY CHECK LIST
Y N T ~ YN YN
FIRE PROTEGCTION PRECAUTIONS PPE NEEDED ENERGIZED EQUIPMENT SECURED ]
Fire Blankeis Face Shield Ground Fault Protection (GFCI)

Welding Scresns

Goeggles (Chemicat or Particulate)

Lock Out/Tag Out

| Flammables Removed

Hearing Proteciion

External Barrier

Fire Extinguishers Available

Gloves-Specific Chemical Hazard

Blank/Biind

LEL Measured

Gloves-leather

Electrical Tool/Cords Inspected

Trained Firewatcher Stationed

Rubber Boots

High Voltage Lines Identifiad

Chernical Suits

Hot Pipes Need Temp. insulation

FERMITS REQUIRED

Coverails/Disposable Clothing

Cords/Leads/Hoses Prolacted

Hot Work -Welding/Cutting/Torch

Faill Protection Equipment

Uity Procedure Approved

HazOp - Electrical High Voltage

Respiratory Protection

HazOp — Craneg/Critical Lift Plan

Foct/Metatarsal Guards

WORK PLATEORMS FOR TASK

HazOp -~ Aeral fiftruck piatform

Safely Shower

Scatiold Needed/inspected

HazOp — Class 3A/3B/4 lasers

Eve Wash

JLG/Scigsors L {Oper, Cert.)

HazOp - Radioactve Materials/X-ray

Flash Resistant Clothing

Ladders (inspected & Secured)

HazOp — Cryogenic

Other

Haz0p — Pesticide Application

Tunriel — Cable Installation/Removal

BARRICADES NEEDED

T ABATEMENTS NECESSARY

Confined Space Procedure & Permit Caution (Yeliow) Asbestos
Electrical AreaWork =~ BDanger {Red) Lead Paint
Electrical “Hot” work. Hard Barricade Other (List)
Excavation/Digging/Boring Flashing Lights

Flag Man/Spotier

EMERGENCY PROCEDURES

CREW SIGN-IN BEFORE TASK

CREW SIGN-QUT AFTER TASK

Task Start Time:

perform this task incident free,

I understand the safety precautions and have the training to

Task End Time:
I have worked safely today and have not been injured.

POST TASK FOLLOW-UP

Locks Removed

Any Injuries Reported

Roadways, Area Cleared

Area Clean/Secure
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DAILY SAFETY & HEALTH REVIEW

ENTER LETTER OF POTENTIAL HAZARD AND CORRECTIVE ACTIONS FOR EACH JOB STEP.

LETTER:

CORRECTIVE ACTIONS TAKEN TO ENSURE SAFETY

CREW SIGN-IN BEFORE TASK

CREW SIGN-QUT AFTER TASK

Task Start Time:

| undersiand the safety precautions and have the training to
perform this task incident free.

Task End Time:
I have worked safely today and have not been injurec.
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Industrial Centrifugal Chiller With Inducticn Motor Drive
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Refrigeration System

L1 Equipment
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Mechanical Room Ventilation
Field Applied Insulation
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SECTION Z3 64 00,00 10

LIQUID CHILLERS

PART 1 GRMNERAL

1.1 REFERENCES
The publications listed below form a part of this specification te the
extent referenced. The publications are referred to within the text by the
pasic designation only.

ATR-~-CONDITIONING AND REFRIGERATION INSTITUTE (ARI)

ARI 550/590 {2003} Srtandard for Water-Chilling
Packages Using the Vapor Compression Cycle

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING
ENGINEERE (ASHRAE)

ASHRAE 15 {2007; Errata 2007) Safety Code for
Refrigeration

AMERICAN GEAR MANUFACTURERS ASSOCIATION (AGMA)
AGMA 2001 {2004d) Fundamental Rating Factors and
Calculation Methods for Involute Spur and

Helical Gear Teeth

AGMA 6011 (20031) Specifications for High Speed
Helical CGear Units

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING
ENGINEERS {ASHRAE)

ASHRAR 15 (2007; Errata 2007) Safety Code for
Refrigeration

ASME INTERNATIONAL {ASHE)

ASME BPVC SEC IX {2007} Boller and Pressure Vesssl Code;
Section IX, Welding and Brazing
Qualifications

ASME BPVC SEC VIII DI (2007) Beiler and Pressure Vessel Code;

Secticon VIII, Pressure Vessels Division 1
- Basic Coverage

ASTM INTERNATIONAL (ASTM)

ASTM B 117 (2007} Standing Practice for Operating
Salt Spray {(Fog) Apparatus

ASTM D 528 (2000; R 2065} Zinc Dust Pigment

ASTM E 84 {2007) Standard Test Method for Surface

SECTION 23 64 00.00 10 Page 1
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[
jes!
i8]
i

TEEE

IEEE

NEMA

NEMA

1.2

Burning Characteristics of Building
Materials

ITNSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

C57.110

C57.16

C57.12.01

11998; R 2004} Recommended Practice for
Establishing Transformer Capability When
Supplving Nonginuscidal Lead Currents

(1996} Standard Regquirements, Terminology,
and Test Code for Dry-Type Alr-Core
Series-Connacted Reactors

{2005) CGeneral Reguirements for Dry-Type
Distribution and Power Transformers
Including Those with Solid-Cast and/or
Resin-Encapsgulated Windings

{2002} Standard for Shunt Power Capsacitors

Guide for Application of Shunt Power
Capacitors

(2004) Standard Test Procedure for
Polyphase Induction Motors and Cenerators

NATTONAL BLECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

MG 1

MG 2

SUBMITTALS

{2006;: Brrata 2007} Standard for Motors
and Generators

(2001: Rev 1 2007 Safety Standard for
Construction and Cuide for Selection,
Tnstallation, and Use of Electric Motors
and Generators

Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for information only. The
following shall be submitted in accordance with Section 01 33 00 SUBMITTAL
PROCEDURES:

sD-02 Shop Drawings
Drawings;

Drawings,

at least % weeks prior to beginning construction,

provided in adeguate detall to demonstrate compliance with

contract reguirements,
sn-03 Product Data

Refrigeration System;

as specified.

Manufacturer's standard catalog data, at least 5 weeks pricr to

SECTICN 23 &4 00.00 10 Page 2
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the purchase or installation of a particular component,
highlighted to show material, size, options, performance charts
and curves, etc. in adeguate detail to demonstrate compliance with
contract regquirements. Data shall include manufacturer's
recommended installation instructions and procedures. Data shall
be adeguate to demonstrate compliance with contract requirements
as specified within the paragraphs:

&. Licguid Chiller
. Chiller Components
<. Accessories
If vibration isolation is specified for a unitc, vibration isolator
literature shall be included containing catalog cuts and
certification that the isolation characteristics of the isolators
provided meet the manufacturer's recommendations.
Spare Parts; G

Spare parts data for each different item of equipment specified.
Verification of Dimensions; G

A letter, at least 2 weeks prior to beginning construction,
including the date the site was visited, confirmation of existing
conditions, and any discrepancies found.
Coil Corrosion Protection; G

Product data on the type coating selected, the coating
thickness, the application process used, the estimated heat
transfer loss of the coil, and verification of conformance with
the salt spray test requirement.
Field Tests: G

Schedules, at least 2 weeks prior to the field test, which
identify the date, time, and location for sgach test. Schedules
shall be submitted for the Chiller Performance Test.
System Perfcrmance Tests; G

A schedule, at least 2 weeks prior to the start of related
testing, for the system performance tests., The achedules shall
identify the proposed date, time, and location for each test.

50-06 Test Reports

Field Tests; G

Six copies of the veport shall be provided in bound 6-1/2 by 11
inch bocklets. Reports shall certify the compliance with
performance requirements and follow the format of the reguired
testing standard for both the Chiller Performance Tests. Test
report shall include certified calibration report of all test

instrumentation. Calibration report shall include certification
that all test instrumentation hag been calibrated within 6 months

SECTION 23 64 0G.00 10 Page 2
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prior to the test date, ldentification of all instrumentation, and
certification that all instrumentation complies with requirements
of the test standard. Test report shall be submitted 1 wesk after
completion of the factory test.

System Performance Tests; G

§ix copies of the report shall be provided in bound 8-1/2 by 11
inch booklets.

SD~07 Certificates
Refrigeration System; G

where the system, components, or equipment are specified to
comply with requirements of AGA, NFPA, ARI, ASHRAE, ASME, or UL, 1
copy of proof of such compliance shall be provided. The label or
listing of the specified agency shall be acceptable evidence. In
lieu of the label or listing, a written certificate from an
approved, natlonally recognized testing organization equipped to
perform such services, gtating that the items have been tested and
conform to the reguirements and testing methods of the specified
agency may be submitted. When performance reguiremsnts of this
project's drawings and specifications vary from standard ARI
rating conditions, computer printouts, catalog, or other
appiication data certified by ARI or a nationally recognized
laboratory as described above shall be included. If ARI does not
have a current certification program that encompasses such
application data, the manufacturer may self certify that hisg
application data complies with project performance requirements in
accordance with the gpecified test standards.

Service Organization; G

A certified list of qualified permanent service organizaticns
for support of the eguipment which includes their addresses and
qualifications. The service organizations shall be reasonably
convenient to the egquipment installation and be able to render
satisfactory service to the squipment on a regular and emergency
basis during the warranty periocd of the contract.

1.3 SAFETY REQUIREMENTS

Exposed moving parts, parts that produce high operating temperature, parts
which may be electrically energized, and parts that may be a hazard to
operating personnel shall be insulated, fully enclosed, guarded, or fitted
with other types of safety devices. Safety devices shall be installed so
that proper operation cof equipment is not impalired.

1.4 DELIVERY, S5TORAGE, AND HANDLING

tored items shall be protected from the weather, humidity and temperature
variations, dirt and dust, or other contaminants. Proper protection and
care of all material both before and during installation shall be the
Contracter's responsibility. Any materials found to be damaged shall be
replaced at the Contractor's expense. During installation, piping and
similar openings shall be capped to keep ocuf dirt and other foreign matter.

SECTION 23 64 00.00 10 Page 4
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- PROJECT REQUIREMENTS

.5.1 Verification of Dimensions

The Centracter shall become familiar with all details of the work, verify
all dimensions in the field, and advise the Contracting Officer of any
discrepancy before performing any work.

.52 Drawings

Because cof the small scale of the drawings, 1t is not possible to indicate
all offsets, fittings, and accessories that may be reguired. The
mechanical Contractor shall carefully investigate the plumbing, fire
protection, electrical, structural and finish conditions that would affect
the work to be performed and shall arrange such work accordingly,
furnishing required offsets, fittings, and accessories to meet such
conditions. The mechanical Contractor shall submit detailed drawings
consisting of:

a. Eaquipment layouts which identify assembly ard installation
details.

b. Plarns and elevations which identify clearances required for
maintenance and operation.

¢. Wiring diagrams which identify each component individually and
all interconnected or interlocked relationships between components,

d. Foundation drawings, bolt-setting information, and foundation
bolts prior to concrete foundation construction for all eguipment
indicated or reguired to have concrete foundations. Bolt setting
by mechanical contractor.

e. Detalls, if piping and equipment are to be supported other
than as indicated, which incliude loadings and type of frames,
brackets, stanchions, or other supports.

5.3 Spare Parts

Submit spare parts data for each different item of equipment specified,
after approval of detail drawings and not later than 1 month prior to the
date of beneficial occupancy. The data shall include a complete list of
parts and supplies, with current unit prices and source of supply, a
recommended spare parts list for 1 yvear of operation, and a list of the
parts recommended by the manufacturer to be replaced on a routine basis

PART 2 PRODUCTS

2.

i STANDARD COMMERCIAL PRCDUCT

Materials and egulpment shall be standard products of a manufacturer
regularly engaged in the manufacturing of such products, which are of a
similar material, design and workmanship. The standard products shall have
been in satisfactory commercial or industrial use for 2 years prior to bid
opening. The 2 year use shall include applications of equipment and
materials under similar circumstances and of similar size. The 2 vears
experience shall be satisfacterily completed by a product which has been
sold or 1s offered for sale on the commercial market through
advertisements, manufacturer's catalogs, or brochures. Products having
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less than a 2 vear field gervice record shall be acceptable if a certified
record of satisfactory field operation, for not less than 6000 hours
exclusive o¢f the manufacturer's factory tests, can be shown. Products
shall be supported by a service organization, as gpecified in the
Submittals paragraph. System components shall be environmentally suitable
for the indicated locations.

2.2 NAMEPLATES

Major eguipment including chillers, compresscrs, compressor drivers,
condensers, liguid coolers, receivers, refrigerant leak detectors, heat
exchanges, fans, and motors shall have the manufacturer's name, address,
type or style, model or serial number, and catalog number on a plate
secured to the item of equipment. Plates shall be durable and legible
throughout equipment life and made of stainless steel. Plates shall be
fixed in prominent locations with nonferrous screws or bolts,

2.3 ELECTRICAL WORK

Electrical eguipment, motors, motor efficiencies, and wiring shall be in
accordance with Section 26 00 10.00 80 ELECTRICAL WORE. Electrical motor
driven equipment specified shall be provided complete with motors, motor
starters, and controls. Electrical characteristics shall be as shown, and
uniess otherwise indicated, all motors of 1 horsepower and above with open,
dripproocf, totally encleosed, or explozion proof fan cooled enclosures,
shall be high efficiency type. Field wiring shall be in accordance with
manufacturer's instructions. FRach motor shall conform to NEMA MG 1 and
NEMA MG 2 and be of sufficient size to drive the equipment at the gpecified
capacity without exceeding the nameplate rating of the motor. Motors shall
be continuous duty with the enclosure specified. Motor starters shall be
provided complete with thermal overload protection and other appurtenances
necessary for the motor control indicated. Motors shall be furnished with
a magnetic across-the-line or reduced voltage type starter as required by
the manufacturer. Motor duty requirements shall allow for maximum
frequency start-stop operation and minimum encountered interval between
start and stop. Motors shall be sized for the applicable loads. Motor
torgue shall be capable of accelerating the connected load within 20
seconds with 80 percent of the rated voltage maintained at motor terminals
during one starting peried. Motor bearings shall be fitted with grease
supply fittings and grease relief to outside of enclosure. Manual or
automatic control and protective or signal devices required for the
operation specified and any control wiring required for controls and
devices specified, but not shown, shall be provided.

2.4 FIELD ERECTED INDUSTRIAL LIQUID CHILLER

The chiller may be assembled, leak-tested, charged (refrigerant and oil},
and adiusted at the job site by a factory representative., Unit components
delivered separately shall be sealed and charged with a nitrogen holding
charge., Unit shall be rigged and azgsembled by Manufacturer. Assembly
shall include refrigerant reclaim unit and interconnecting refrigerant
piping, rigged and setting of VFD and control wiring, rigging and setting
of control panel. Manufacturers scope of work shall not include
structural, electrical, boit setting, and mechanical work external to the
chiiler. Chiller shall operate within capacity range and speed recommended
by the manufacturer. Heavy components which must be removed for
inspection, cleaning, such as motors, gear boxes, cylinder heads, casing
tops, condenser, and cocler heads, shall have lifting eyes or lugs.
Chiller shall include all customary auxiliaries deemed necessary by the

SECTION 23 64 00.00 19 Page &
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manufacturer for safe, controlled, automatic operation of the eguipment,
Chiller's condenser and liguid cooler shall be provided with hinged marine
water boxes with welded connections.

2.4.1 Industrial Centrifugal Chiller With Induction Motor Drive

Furnish and install where indicated on the plans one open-drive centrifugal
liquid chilling unit(s) as manufactured by York International (Model Titan

CM) or equal. Unit(s) to utilize refrigerant R-134a and to be eguipped and
rated in accordance with ARI 550/590 {latest revision).

Reference chiller schedule on the contract documents for chiller
performance reguirements.

Electric power shall be supplied to the centrifugal compressor drive motor
at 4160 volts/3-phase/60 Herte for VFD starting {inrush not to exceed full
load amps). Motor speed ghall be 1800 RPM. Mortor to develop 95% full load
power factor {minimum).

Main motor starter shall be VFD in a free-standing, floor-mounted NEMA (12}
enclosure.

Electric power shall be supplied to all auxiliary motors at 460 volts/3
phase/60 Hz, controls at 120 volts/l phase/60 Hz; and control air at 80 to
100 PSIG.

The evaporator tubes shall be 20 BWG (0.635% inches nominal wall thickness)
copper. The maximum water velocity in the tubes shall not exceed 12
ft/sec. Selection shall be based on 0.00010 ft 2 -°F~hr/B7TU fouling
factor. Water side shall be 150 PSIG Design Working Pressure.

The refrigerant condenser tubes shall be 20 BWG (0.035% inches nominal wall
thickness) copper. The maximum water velocity in the tubes shall nor
exceed 12 ft/sec. Zelection shall be basad on 0.00025 ft 2 -°F-hr/BTU
fouling factor. Water side shall be 150 PSIG Design Working Pressure.

01l coolers (compressor and speed increaser) shall be furnished with
chilled water at (86)°F maximum temperature and 150 PSIG Design Working
Pressure based on 0.0005 ft2 ~°F-hr/BTU fouling factor.

Refrigerant transfer unit water cocled condenser shall be furnished with
city water at 86 °F maximum temperature and 150 PSIG design working
pressure, based on 0.0005) ft 2 ~%F-hr/B7TU fouling factor. Refrigerant
high pressure receiver shall be sized for the full refrigerant charge of 1
unit chiller.

All temperature and pressure displays are to be in English units of measur
=1 CHILLER COMBCONENTS

Unit shall be specially squipped as required to produce full rated capacity
at [ull flow entering condenser water temperatures down ro 550F {12.8%Cy,
without the use of condenser water flow control or bypass, or cooling tower
fan cycling; sc as to provide maximum unit operating economies.

Each unit shall consist of a steel driveline base asgembly that ineludes
the compressor, speed increaser gear {if required), and motor factory
mounted and rough aligned on a steel driveline base; liguid cogler;
refrigerant condenser with liguid sub-cooler; intercocler {(if required) ;
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refrigerant transfer unit and recelver; necessary interconnecting
refrigerant pipe, valves and fittings; level adjusting spring isclators for
complete unit; and floor mounted, Programmable Loglce Controller (PLO)
baged, control center with full multicolor graphic display and membrane
keypad, for use with an electric induction motor driven chilling system,
all suitable for NEMA-1 application. All major components (compressor,
coocler, condenser, interceocler and pumpout receiver) shall be factory leak
tegred, evacuated and protectively charged wlth nitrogen before shipment.
It shall be the regponsibility of the installing contractor teo furnish all
of the necessarv labor and material to complete the installation in
accordance with instructions and drawings furnished by the manufacturer.

Compressor motor starter shall be furnished for separate field mounting.
2.5.1 Drive Line Base/Assembly

The drive line components noted above are specified in detail below, and
shall be supplied factory mounted and rough aligned on a single, rigid
fabricated structural steel base, with optical leveling points, to be
furnished by the chiller unit manufacturer for contreolled alignment. The
base shall incliude provision for level-adjusting, limited rise, spring-type
igsolators as hereinafter gpecified; and necessary factory assembled
galvanized steel auxiliary cooling water piping and manual valves within
confines of kase connecting all drive line components to a common manifold,
including water solenoid valve and strainer. Individual compressor and
gear auxiliary oil pump motor starters with fused disconnect switches shall
be furnished for field mounting and wiring on or near the driveline bage.

2.5.2 Compressor

Compressor shall be of the open drive, multistage centrifugal type. The
casing shall be of industrial construction, horizontally split to allow
access to the rotor assembly. Casing design shall be such that major
wearing parts (main bearings, thrust bearings, seals, and ghaft oil pump)
are accessible for inspection or replacement without removing upper half of
the casing or disturbing compressor drive alignment. Casing shall have
necessary suctlon, discharge and interstage flash gas connections.

Compressor impeller shaft shall be designed with sufficient rigidity to
prevent vibration at any reguired operating speed and this operating speed
gshall he below the first lateral critical speed. The shaft shall be
manufactured of heat treated alloy steel. Impellers shall be statically
and dynamically balanced and made of material which will resist erosion,
corrosion and pitting:; and preserve initial impeller balance and
performance characteristics. Multistage compressor shall include a balance
piston on the last stage impeller to minimize axial thrust load on the
thrust bearin

Compressor shall include accessible precision bored aluminum alloy journal
kearings, and a tilting pad type thrust bearing to axially position the
rotor and absorb any unbalanced thrust which may be encounteread,

Compresscer lubrication system shall be of the self-contained force feed
type with a pump supplying oil under pressure to journal bearings and
thrust bearing, and shall include dual replaceable element 15 micron oil
filters with change-over valve, a water cooled il cooler, and a
gelf-contained thermostatically controlled coocler o0il bypass valve to
maintain degired minimum oll temperature.

SECTTION 23 64 00.00 10 Page 8
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Complete lubrication system shall be factory packaged., Compressor shall
include a main oil pump, and an auxiliary pump, including provislons to
ensure positive lubrication at all operating speeds, on start-up or
shut-down, and under power fallure coast-~down conditvions. The oil
reservoir shall include heaters o minimize accumulation of refrigerant in
the oil during long idle periods. Sight ports, thermometers and pressure
gauges shall be supplied. Provide 3-lead, 100 ohm platinum Resistance
Temperature Detectors (RTD), and junction boxes with 4-20mA transmitters.

An automatic capacity reduction control of the pre-rotation vane type shall
be provided te efficiently regulate the capacity by varying the volume of
refrigeration suction gas handled by the compressor, together with a
suitable pneumatic cperator to automatically position the pre-rotation
vanes in response to a temperature control system gensing the lsaving
chilled water temperature. An automatic hot gas bypass with pneumatic
operator shall alsc be furnished to assure stable performance, even under
extreme or abnormal operating conditions, down to 10% capacity.

A non-contacting proximity vibration monitoring system shall be provided as
detailed below following Control Center.

2.5.3 Couplings/Coupling Guards

A light-weight, non-lubricated type of high speed coupling and guard shall
be furnished between the compressor and the speed increaser gear, oOr
motor. Coupling and guard shall be accessible and easily disassembled
without disturbing the compressor drive alignment.

A limited end-float, lubricated, gear type low speed coupling and guard
shall be furnished between speed increaser gear, and motor.

2.5.4 Spead Increaser Gear

External speed increaser shall be sized with a 1.3 (min.) gear service
factor applied to the maximum continuous power output of the motor. (Motor
nameplate HP x Motor SF (1.15) x Gear SF (1.3} = 1.5).

High speed ingreasers shall be totally enclosed, double helical and be
manufactured in accordance with AGMA 6011 standard for application of 1800
rpm motors or 5,000 feet per minute (1524 meters per minute} pitch line
velocity.

Housing shall be ruggedly designed to insure maximum rigidity, made of high
tensile alloy cast iron or fabricated steel, stress relieved and machined
to match the precision of the gears. Housing to have machined leveling
pads, vertical jacking screws, inspection cover and oversize drain port.
All housing interior surfaces to be thoroughly cleaned, shot blasted and
painted prior to assembly.

Gears shall be double helical design, heat treated by through hardening or
case carburizing. GCears shall be precision hobbed and shaved, or have end
relief and tip relief to eliminate edge loading. AGMA minimum gquality
level 10 shall be checked and gualified with certification available upon
regquest. Cears shall be designed for life expectancy of 100,000 hours
based on Figure 20 and 21 in ACGMA 2001. A pressure angle of 20° is
regquired to reduce scoring and sound.

Journal bearings shall be tapered land, split-sleeve, babbitt lined, steel
backed, with thrust collars for axial loads. Bearings to be selected to
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meset gpecific speed and design load characteristics. (NOQTE: Thrust lcads
on the highspeed shaft are normally handled by the compressor thrust
bearing.}

The lubrication system shall consist of a positive displacement shaft
driven pump, auxiliary oil pump, water-cooled oil cooler with a
self-contained thermostatically controlled cooler oil by-pass valve to
maintain desired minimum oil temperatures, dual replaceable element
25-micron (max.) oil fllters with change-over valve, supply oll pressure
gauge, cil temperature gauge and wet oil sump. Piping to be external of
housing for ease of maintenance. 01l temperature 3-lead, 100 ohm platinum
RTD/transmitter, and pressure transmitters, shall be furnished as detailed
by the Centrol Center Input/Output List. Transmitters shall be 4-20ma
output. Seals are to be labyrinth type on both high speed and low speed
shaft extensions and split horizontally for ease of maintenance. Gear
lubrication system shall supply 61l £o the motor as required.

A non-contacting proximity vibration monitoring system shall be provided as
detailled below following Control Center.

Speed increaser dgears as manufactured by Lufkin or Nuttall.
2.5.5 Compressor HMotor

The prime mover shall be a squirrel cage induction moter sized to
efficlently and continuously fulfill the chiller unit compressor brake
hersepower (including speed increaser, if required) and speed reguirements
without exceeding the motor nameplate HP rating, and the motor shall be
specifically capable of continuous operation at 115% (minimum) of the total

chiller unit power reguirements.

All equipment provided shall be manufactured in accordance with the
applicable requirements established by the following codes or standards
(latest revision), unless otherwise specified: "NEMA Publication No. MG-1,
"Motors and Generators" ANSI €50.2, asz a supplementary standard for
motors. IEEE Publications temperature limits on insulating materials,
rating methods, testing (IEEE Std 112), etc." All material and eguipment
furnished shall be new free from defects of any character.

Motor shall be a horizontal, continuocus duty, sguirrel cage induction
machine. Rating shall be for voltage and speed as previously specified and
carry a 1.15 service factor rating. Direction of rotaticn shall be ag
regquired by driven load and shall be prominently indicated on motor on both
front and shaft sides, be permanently affixed to each end of enclosure.
Motor shall be connected to driven load by means of Flexible coupling
specified and provided elgewhere in these specifications.

Motor enclosure shall mateh existing.

Motor shall be premium efficiency type, of size arnd characteristics
required to start the compressor, and bring it up to speed within the
specified limitations; and operate the compressor at full load conditions
without exceeding motor nameplate horsepower (kW). The starting
characteristics of the motor shall be as required for successful full or
reduced voltage start-up of the entire unit as previously specified.
Manufacturer shall guarantee inrush amperes t£o be not more than those
specified, with the system starting voltage dip previously specified.

Moteor and VFD shall be designed and fabricated to develop a minimum power
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factor of 0,98, If power factor correction capacitors (PFCC) are reguired,
they are to sized by the motor manufacturer, to be furnished by the starter
manufacturer and installed in the starter enclosure,

2.5.5.1 Insulation Characteristics

Winding insulation shall be IEEE Class *F", rated for a maximum
"hottest-spot® temperature of 130°C. Motor rating shall permit continuocus
operation at full nameplate horsepower load with temperature not exceeding
120°C (80°C rise above 40°C ambient) at 1.0 service factor as measured by
the resistance method. Stator coils shall be form wound and sealed.

The motor insulation system must incorporate a solvent-less *Vacuum
Pressure Impregnated Epoxy", (VPI} process. The insulation must be
impregnated after the coils are wound into the stator and connections are
made.

Coil end turns shall be securely anchored to lock up the coils, pricr to
impregnation.

Winding Temperature Sensors: Provide six, 3-lead, 100-ohm platinum RTDs
imbedded in the stator coils, two per phase, at 60 degree intervals for
connection teo the microprocessor-based motor protective unit to be provided
in the motor starter cubicle. Provide separate terminal box on motor and
terminate all sensor leads therein with ring-tongue terminals under screws,

2.5.5.2 Bearings, Lubrication & Temperature Indication

a. Bearings: Bearings shall be split sleeve, spherically (center) seated,
self-aligning design. One bearing must be electrically insulated to
prevent shaft electric currents. Design of bearings, housings, and
brackets must permit inspection and replacement of bearings without
disagsembly of motor. The motor shall have horizontally split end bells.

b. Lubrication: Motor to have oil rings and oil level indication on both
bearings, if required. If required due to the gize and/or aspeed of the
motor, provide flooded lubrication of bearings with necessary seals,
piping, orifices, visual flow indication, etc., utilizing the speed
increaser positive displacement lube system.

¢. Temperature Indication: Provide each bearing with 3-lead, 100-ohnm
platinum RTDs, and junction boxes with 420mA transmitters for connection to
remote temperature readouts on chiller control center.

A non-contacting proximity vibration monitoering system shall be provided as
detailed below following Control Center.

2.5.5.3 Rotor

Retor bars must be fabricated copper, or copper alloy bars: high frequency
induction~brazed to centrifugally cast copper, or copper allioy resistance
rings. Uniform cross section rotor bars to be swaged to assure tight bar
construction and elimination of bar vibration. The use of aluminum in
rotor constructicon will not be acceptable.

Rotor to stator air gap measurements shall be made at final assembly at
both ends of the motor. Readings shall be taken ab 45° intervals clockwisze
and each reading recorded, so as to indicate the relative position of the
stator, rotor as measurement location. "Twelve O'Clock" shaft position
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shall be permsnently marked. Readings shall be included in Owner's manuals.

The rotor shall be dynamically and statically balanced. Assembled motor
shall be tested at the factory in accordance with latest applicable NEMA MG
1.20.53 method of testing, and balanced to no more than 1.0 mils total
peak-~to-peak deflection on the bearing housing and 2.9 mils on the shaft
Overall vibration readings, including all vibration frequencies, shall be
taken and recorded with the motor running at design speed. Readings shall
be included in Owner’s manual.

.5.5.4 Space Heaters

Rlectric resistance space heaters shall be provided inside the motor
enclosure. Capacity shall be as reguired to avoid meisture condensation
during shutdown. Heaters shall be automatically energized by the motor
starter whenever motor is shut down. Heaters shall be suitable for
operation at 120 volts/l-phase/60 Hertz. Provide separate terminal box on
motor with all leads terminated with ring-tongue terminals under screws.

.5.5.5 Surge Protection

Provide arrestors and capacitors for motor voltage surge protection. Surge
arrestors shall be station valve type rated 5.0 kv Min. Three-phase surge
capacitors shall be rated 0.5 microfarads per phase. Units shall be
adequately mounted and braced as indicated on the drawings.

.5.5.6 Terminal Boxes

Manufacturer shall provide condult boxes or terminal cabinets for all
wiring connecticns to the motor. Boxes shall be cast iron, cast bronze, or
sheet steel with a minimum thickness of 1/8 inch {11 gauge) {3 mm). Cover
shall be bolted-on. All joints between box and cover or box and machine
frame shall be sealed by means of durable gaskets resistant to heat, oil
and moisture laden air. Auxiliary leads such as those provided for bearing
temperature sensors, winding ete., shall be terminated on molded insulation
terminal blocks in "independent® enclosed terminal boxes or compartments,
effectively isclated from the line voltage main terminals.

Each terminal shall be plalinly and permanently identified. Boxes sghall be
mounted for condult entrance from (below) {above). &All bolts and nuts
shall be of hexagonal type. Stainless steel hardware is preferred,
although other corrosion-resistant metal or finishes are acceptable. All
fittings and threaded parts shall be protected during shipment and erection
by means of moisture resigtant grease or other effective means. Motor main
lead terminal box shall include ample space for "stress cone” installation,
and OPTIONAL current transformers and/or OPTIONAL surge protection. Submit
shop drawings for the surge protection eguipment specified above.

.5.5.7 Nameplates

Motor nameplates shall be stainless steel., Letters shall be permanentiy
stamped and not lesg than 1/8 inch (3 om) high. Information to be
inscribed on main nameplate shall be per NEMA ME1-20.60, with the addition
of the locked rotor current at rated voltage and freguency as determined by
actual test. Provide nameplates for: space heaters (voltage and wattage;
number of =starts per hour; bearing identification and recommended
lubricant; direction of rotation; electric-phase rotation for proper
direction of mechanical rotation; and motor wiring diagram) .
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2.5.86 COMPRESSOR MOTOR CONTRCLLER (VFD)

The centrifugal chiller manufacturer shall provide a VFD for gafe,
dependable starting and efficient operation of each compressor motor.
Installation and wiring shall be by the manufacturer.

2.5.6.1 Performance
Operating Envelopse
YFD shall meet the following speed and torque requirements:

The VFD shall be capable of producing a variable AC voltage/frecuency
output to provide continucus operation over the normal system 30-100%
speed range. The VFD must be capable of sustained operation at 1/10
speed to facilitate checkout and maintenance of the driven egquipment.
As a commissioning and troubleshooting feature, the VFfD power circuit
shall be capable of operating without a motor connected to the VD
ocutput,

VFD shall be capable of operating any standard AC motor of equivalent
rating {horsepower and speed} over the specified speed range.

Unless specified otherwise on the data sheet, for constant torque
loads (extruders, mixers, reciprocating compressors & pumps,
conveyors, etc.), the VFD shall be capable of a momentary overload of
150% of rated motor current for one minute cut of any ten minutes.

The VFD shall be able to produce full rated torgque at any speed in the
operating range {constant torgue capability).

If high breakaway/starting torgue is required, the VFD shall provide
full rated torgue at standstill and be capable of sustaining that
level of torgue indefinitely.

Input Harmonics

VED's shall comply with the latest edition of IEEE 519 for total
harmonic voltage and current distortion calculation and measurement
and meet the following distortion limits:

Voltage Harmonics: Individual or simultaneous operation of the VFD's
shall nct add more than 3% total harmonic veoltage distortion while
operating from the utility source, or more than 5% while operating
from standby generator (if applicable)

Current Harmonlics: Maximum allowable total harmonic current distortion
limits for each VFD shall not exceed 5% as calculated and measured at
the point of common coupling.

The VFD converter section shall be sighteen (18) or more pulse {or
equivalent harmonic performance without filters) to eliminate the need
for harmonic filters. Harmeonic filters are undesirable due to the
necessity o modify the filters to avoid resonance problems and
correct tuning whenever other inductive/capacitive loads are placed on
the system or when the power system changes.

Compliance shall be verified by the VPD manufacturer with field
measurements ¢f harmonic distortion differences at point of common
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coupling with and without VFD's operating. The point of common
coupling {PCC) fer all harmonic calculations and field measurements
for both voltage and current distertion shall be defined ag the
primary connection ¢f each VFD input transformer.

Power guallty metering shall be installed in the VFD system to
continucusly monitor and display input and ocutput power guality. This
will allow easy customer verification of power quality and efficiency
for the VFD system. The power guality data shall include the
following:

Input voltage {average rms valus)

Input current (individual phase rms values and average rms value)

Input freguency

Power factor

Input kW, kVAr

Input KWHr

Input current THD {average of three phases)

Calculation of total input current or voltage harmonic demand
distortion

Drive efficiency

Motor voltage {(rms)

Moter current {(rmg)

Motor speed {(in RPM or %}

Motor flux (%)

Motor torgue (%}

Drive cutput power {kW)

Qutput KWHr

Motor Compatibility

VED system shall provide an output waveform that will allow
utilization of standard motors, without need of any special insulation
or derating. Motor life expectancy should not be compromised in any
way by cperation with the VFD system. The system must comply with all
elements of the Cutput Harmonics section of this specification. The
VFD must provide motor coverlead protection in any operating condition.

VFD output waveform shall be suitable for cperating a sguirrel cage
induction motor without derating or requiring additional service
factor. To ensure that there are no problems with motor heating, VED
output current waveform, as meagured at the motor, shall be inherently
sinusoidal at all speeds, with a total harmonic current distortion not
exceeding 3% referenced to the full load output current fundamental
between 10% and 100% speed. VFD's utilizing output transformers are
not acceptable.

The system design shall not have any inherent output harmonic
resconance in the operating speed range.

The VFD output shall produce no electrically induced pulsating torogue
to the ourput shaft of the mechanical system eliminating the
possibility of exciting a resonance caused by VFD induced torgue
pulsations. VFD systems, or other types, which produce torgue
pulsations in excess of 1%, will require a torsiconal analysis to be
supplied by the VFD manufacturer as part of the scope of supply. The
price of the torsional analysis shall be included in the base price of
the VFD.
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VED

VFD shall inherently protect motor from nigh-voltage v/ &t stress,
independent of cable length to metoy. VFD ghall not reguire
nonstandard insulation systems or insulation ratings above the VFD
gutput voltage rating. The VFD system shall be designed teo produce no
standing waves or over-voitage conditions based on a cable length of
at least 2000 fr {~600 m). This is a typlical length which will cover
most application requirements and allow for potential future cable run
changes from ¥rD to motor. If the VPD requires an output filter to
meet this requirement, 1t shall be an integral part of the VFD system
and included within the VFD enclosure.

&An input transformer shall be included to provide common mode voltage
protaection and allow the use ¢of a standard meotor. Special
high-voltage motor insulation is net an acceptable method for
protection against common mode voltages.

System Efficiency

Guaranteed minimum total VFD system efficiency ( svys) shall be a
minimum 86% at 100% load and minimum $5% at 50% load. Efficiency
evaluation shall include input transformer, harmonic filter and power
factor correction (if applicable}, VFD converter, and ocutput filter,
as indicated below. Auxiliary controls, such as internal VFD control
boards, cooling fans or pumps, shall be included in all loss
calculations.

The VFD system efficiency is as follows: sys = VFD x xfmr x pfc
® harm x filter

Converter/Inverter {(VFD} VFD

Input Transformer xfmr (Total VFD System Efficiency {gys))
Power Factor Correction pfc must bhe 96.0% at full load
Input Harmonic Filter harm and 95% at 50% locad.

Output Filter file

Note: If the motor power factor is poor {(less than 0.85 at rated
load), causing the VFD to provide higher than normal reactive current
to the machine, the required total VFD system efficiency reguirement
will be reduced by 0.5%.

A factory test shall be performed at the VFD manufacturer's facilirto
certifying that efficiencies have been met, A penalty {(in dollars per
kW will be assessed if efficiency is not achieved and will be
deducted from the contracted price.

System Input Power Factor

YFD system shall maintain a 95% minimum true power factor from 30% to
100% of rated speed. VFD gystem including power factor correction
and/or harmonic filter shall never have a leading power factor under
urility or generator operatlcen. VYFD manufacturer is to supply a power
factor correction system, if reguired, to meet this reguirement.

Power Tactor correction unit shall include a separate input isolating
contactor with fuges, power factor correction grade capaclitors
{voltage class shall be congistent with the VFD system inpur voltags),
and serles harmonic de-coupling reactors, all integrated intc VFD
system and mounted within the VFD enclosure. A penalty of $1,000.00
per kVA {or other value as specified on the data sheet) will be
assessed 1if power factor is not achieved and will be deducted from the
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contracted price.
Speed Regulation

VFD speed regulation shall be #0.5% without encoder or tachomeber
feedback.

Sound Level

Maximum allowable audible noise from the VFD system will be 75 4B(A)
at a distance of one meter (3.3 ft) at any speed or load condition.
VFD systems with audible noisge in excess of this limit must be
provided with sufficient noise abatement treatment to reduce the sound
pressure level below 75 dB(AY.

2.5.6.2 Availabilitcy
Firing Signals

All internal firing signals, and other communicationsi{which link
operational controls with power components such as status and
diagnostic signals) must meet noise immunity and safety reguirements
as defined by applicable EN Norms and IEFEE Standards.

Power Interrupt Ride~Through

The VFD system must be capable of continuous operation in the event of
a powar loss of 5 cycles or less.

The VFD system must be capable of automatically restarting in the
event of a momentary loss of power. The VFD system shall provide the
user with the choice of automatically restarting or not. The user
shall be able to selectively apply this feature and have the ability
to set the allowable restart time applicable to some {but not
necessarily all) conditions as determined by the user to be
appropriate for the specific application.

Power Sag Ride-Through

The VFD system shall be capable of continuous operation with a thirty
{30) percent voltage sag on the input power line.

"Catch-A-Spinning-Load" Capability

The VFD system must be able to catch and take control of a spinning
load 1f started while rotating equipment is already spinning.
Appropriate safeguards must be included in this operation to prevent
daraging torgue({s), voltages or currents from impacting any of the
eguipment. The user shall have the option of emploving this feature
or disabling it.

Auto-Restart Capability

The VFD system must ke capable of automatically restarting in the
event of a process or drive trip. The VFD system shall provide the
user with the choice of automatically restarting or not. The user
shall be able to selectively apply this feature to some (but not
necessarily all) conditions as determined by the user to be
appropriate for the specific application.
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Ground Fault Withstand

In the event of & ground fault, the VFD sghall capable of annunciating
the ground fault condition, safely operating and, by user selection,
either trip or continue operation. Asg a result of a ground faul:
trip, the VFD shall be capable of being reset and coperating normally,
There shall be no risk of fire or electric shock as a result of the
ground faulg.

2.5.6.3 SERVICEABILITY/MAINTAINABILITY

ront Access
VED system should be designed for front access only. Manufacturer
shall state in his propeosal if rear or side access is regquired. BAn
explanation of reason for any reguired rear or side access shall be
given.

Power Component Accessibillity
All power components in the converter gsectionsg shall be designed for
rack-out accessibility for ease of maintenasnce and to minimize repair
downtime. Alternate access options must be described in the proposal
for purchaser’s review and evaluation.

Voltage Isclation

211 low voltage components, circuits and wiring shall be separated
with physical barriers from any sources of medium voltage.

Remote Diagnostics

The VFD system shall be provided with the capability for remote
diagnostics via ether-net link.

Marking/Labeling
Sleeve {ype wire marker tags or other acceptable means of permanent
identification shall be applied to power and contrel wiring.
Individual labels shall be provided for all major compconents of the
V¥D system.

Mean Time TO Repair (MTTR)

The VFD design must demonstrate an actual mean time to repalr of less
than 1% minutes, in the event of any power switching component failure.

2.5.6.4 Physical Reqguirements
Environmental Reguirements
VFD system shall be capable c¢f continuous operation in an average
ambient temperature between 0°C and 40%C at an elevation up to 3300
feet (1000 meters) above MSL without derating. The VFD system shall
also be simultansously suitable for continuous operation in a maximam

humidicy between C and 95%% non-condensing.

Heat Dissipation/Cooling System-
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VFD gystem shall be air-cooled unless alr-cooling is unavallable or
impractical, in which case liguid-~cooling shall be provided.

Alr~Cocling Regulrements

Alr-cocled VFDs shall be provided with fan redundancy and automatic
switchover in the event of a fan failure for enhanced reliabnilicy. If
a fan faills, the system must automatically switch to the alternate fan
and generate an alarm to notify operator of initial fan system
failure. Drive must have ability to detect failed operation of the
cooling system (using temperature detectors as the only protection
against loss of fan system is not acceptable}, During normal
cperation, the system must periocdically cycle between the two fan
systems to Yexercise' them and prevent drying out of bearings, seals,
etc.,, and to ensure availability of all systems. VFD system
manufacturer shall provide heat dissipation data necessary to desgign
all auxiliary HVAC systems.

Enclosure

All VFD system components including transformer shall be mounted and
wired by the VFD system manufacturer in a grounded enclosure meeting
the following requirements without exception:

Input filters, transformer, power conversion, cutput filters and
auxiliary eguipment enclosure sections shall be NFEMA-12 design.
ir-cooled units shall be NEMA 12 Ventilated, IP-41 or better degree
of protection, with gasketed doors. Liguid-cooled units shall be NEMA
12 Non-Ventilated, IP-52Z or better degree of protection. A1l agency
listed VFDs shall be Class I enclosures, NEMA 12 like construction.
Air-cooled units shall have clean-able filter media covering all air
inlets. Inlet air filters shall be 100% washable, with a
progressively structured, corrosion-free media. Filters shall be
front replaceable {for cleaning) while the VFD ig in coperation without
exposing maintenance personnel teo any of the power components.
Cabinet color shall be ANSI 61 Gray. Paint procedures and materials
shall be manufacturer's system designed and proven for resistance to
chemical attack in industrial power-house environments.

Microprocessor and control logic boards and their power supplies shall
be housed in a sealed, non-ventilated NEMA-12 szection, safely
accessible without exposure to high voltages and without drive
shutdown., A1l low voltage wiring shall be fully isoclated from medium
voltage compartments by metal barriers.

Cabinets and doors shall be fabricated usging heavy gauge steel
(12-gauge minimum} for sturdy construction and dimensional integrity
to assure long-term fit and function. All doors shall be gasketed to
provide envirconmental protection and secure fits.

Enclogures must be designed to avold harmonic and inductive heating
effects. wWhen specified, the enclosure must be designed to shield an
outside equipment from interference, enciosing and shielding the
complete to eliminate any radio frequency interference. VFD system
shall be labkeled with CE Mark.

Installation/Cabling
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Owner will provide labor to set equipment in place. All VFD system
wiring {power, contrel & protection) shall be located internally
within the VFD system enclosure. All external power conductors (bus
or cakle) shall be insulated. Power wiring shall be isclated by
voltage class. Control and protection wiring shall be isclated from
power wiring.

Space Limitations -~ Footprint
The VFD system must fit in the space indicated on project drawings.
Interlocks

Mechanical key interlocks shall be provided on all doors.

Interlocking shall be fully cocordinated to prevent access to all high
veltage compartments, including transformer, filters or any switchgear
that is part of the supply, when line power is applied to the VFD
system. Interlocks must be mechanical to provide positive lock-out
prevention and safety. Electrical interlock switches alone are not
acceptable, due to the possibility of inadvertent shutdown and the
ease with which such switches could be bypassed.

Control Power

To power the VFD cooling system and VFD control circuits low voltage,
3-phagse low~voltage auxiliary power will be provided by the Customer,
The VFD supplier shall provide a low voltage circuit breaker to allow
foe the isolation of this power supply source. This auxiliary power
voltage shall be 3 phase with voltage determined by customer. For
Alr-cocoled VFDs only, an auxiliary power transformer shall be supplied
to convert input medium voltage power to low voltage to provide power
for contrel logic and auxiliary cooling motors. A separate
low-voltage circuit breaker shall be provided to allow for the control
power feed from a customer supplied low voltage supply source. all
VFD control circuits shall be 120 VAC single phase. Manufacturer
shall provide an internal control power transformer suitably rated to
provide all VFD regquired control power.

2.5.6.5 Protective Devices/Dlagnostics
Power Component Protection

VFD system shall include distribution class surge arrestors to protect
input transformer and VFD against voltage surges.

The VFD system shall include power fuges on rhe input to the converter
rectifier devices to protect the secondary of the transformer from any
potentially harmful fault currents. While alternative arrangements
that involve coordinated protection with an input cirecuit breaker are
not as desirable, if proposed, the VFD system provider must include
all coordinating elements including the circuit breaker itself and
mast provide a detailed description of the protection scheme with the
proposal.

Protective Features and Circuits

The controller shall include the following alarms and protective
features;
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tatic instantaneous over-current and over-voltage trip.
Under-voltage and power loss protection.
Over-temperature protecrion.

Electronic motor inverse fime overlcad protection.

Responsive action to moter winding temperature detectors or
thermostatic switches. A dry contact (NC) input to the VFD is
reqgquired.
When power is restored after a complete power outage, the VFD
shall be capable of catching the motor while it is still spinning
and restoring it to proper operating speed without the use of an

encoder.

The VFD system shall be protected from damage due to the following,
without reguiring an outpulb contactor:

Single-phase fault or three-phase short circuit on VFD system
ocutput terminals.

Fallure to commutate inverter thyristor due to severe overload or
other conditions.

Loss of input power due to opening of VFD input disconnect device
or utility power failure during VFD operation.

Logs of one {1) phase of input power.
Motor regenevation due to backspin or loss of VFD input power.

The VFD shall be able to withstand the following fault conditions
without damage to the power c¢ircuit components:

Failure to connect a motor to the VFD cutput.
VFD output cpen circuit that may occur during operation.

The V&D shall include a customer selectable automatic restart

feature. When enabled, the VFD ghall automatically attempt Lo restart
after a trip condition resulting from over-current, over-voltage,
under~voltage, or over-temperature.

Data Diasplays

A door-mounted LCD display shall be furnished, capable of displaying
the VFD operational status and drive parameters. The digital display
must present all diagnostic message and parameter values in plain
language (Fnglish or otherwise, as noted on the data sheern)
engineering units when accessed, without the use of codesg.

Ag a minimum, the following door mounted digital indications shall be
gupplled:

Speed demand in percent

Input current in amperes
Cutput current in amperes
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Output FPreguency in herts
Input voltage

Qutput veltage

Total 3-ghase EW ocutputb
Kilowatt hour meter
Flapsed time running meter

Diagnostics & Fault Recording

The control logic section shall be fully digital and not require
analeg adjustment pots or fixed selector resistors.

Fault log data storage memory shiall be stored in non-volatile memory
or be supported by a UPS sized to provide a minimum of 48 hour data
retention.

The VFD shall include a comprehensive microprocessor based digital
diagnostic system which monitors its own control functions and
displays faults and operating conditicns.

A "FAULT LOG* shall record, store, display and print upon demand, the
following for the 50 most recent events:

VFD mode (Auto/Manual)
Date and time of day
e of fault

Regset mode (Auto/Manual)

A "HISTORIC LOG" shall record, store, display and print upon demand,
the following control variables at an adjustable time interval for the
50 intervals immediately preceding a fault trip and 100 intervals
following such trip:

YED mode {(manual/auto/inhibited/tripped/eto.}

Speed demand

VED output frequency

Denmand {output) Amps

Feedback (motor) Amps

VFD ocutpul volts

Tvpe of fault:

Drive inhibilt (Gn/0ff)

The fault log record shall be accessible via a RS8232 serial link
as well as line by line on the keypad display.

A *Windows-based" graphical tool suite shall be available with the
VFD, This graphlical PC tool shall be akle to plot and display up to 8
different VFD parameters and have the ability to freeze plotting and
print hard-copy versions of the pletzs. Capability to display at least
§ different VFD systen parameters is reguired and all parameters
displayed on the PC tool shall bhe synchronized with the standard
keypad display.

2.5.6.6 Programming & Communications
User Input/Keypad
The door of each power unit shall include manual speed device, a mods

selector marked *"Manual / Automatic", a "POWER ON" light, a VFD
CEAGLTT light, a VPD “RUNNING® light, start pushbutton, step
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pughbutton and reset pushbutton.

A door-mounted keypad with integral digital LCD display shall be
furnished, capable of controlling the VFD and setting drive
parameters. The display must present all diagnostic message and
parameter values in standard engineering units when accessed, withous
the use of codes. The keypad shall allow the operator to enter exact
numerical settings in standard engineering units. A plain language
{English or other language, as noted on the data sheef) user menu
{rather than codes}) shall be provided in software as a guids to
parameter setting.

Drive parameters shall be factory set in non-volatile EEPROM registers
and re-settable in the field through the keypad. A minimum of six (6}
levels of password security shall be available to protect drive
parameters from unauthorized personnel. The EEPROM stored drive
variables must be able to be transferred for programming of new or
spare boards.

The keypad module shall contain a "self-ftest" software program that
can be activated to verify proper keypad operations.

The VFD system shall have the user selectable option of programming up
to three speed avoidance bands. This gives the user the ability to
biock out and prevent operation at any undesirable speed, such ag one
that may be coincident with a mechanical resonance condition.

Hard-wire Communication

Additional analceg input and output signals and additional digital
inputs and outputs shall be provided.

Serial Communication/Protocols/Modem or Cable

VFD shall be capable of direct communication to an IBM or compatible
computer for serial link setup of parameters, fault diagnostics,
trending and diagnostic log downloading. An RS-232 port shall be
door-mounted for computer or printey interface. VFD parameters, fault
log and diagnostic log shall be downloadable for hard copy printout
via the R$~-232 or Ethernet port and a standard serial printer.

The VFD shall be provided with single port digital communication
capability to allow direct control and status communication with a
PLC, SCADA or other control system. The communication protocol shall
he determined by the customer.

An Ethernet communications link shall ke provided.
The new Chiller PLC shall communicate with the existing Building 28
FLC's via the existing Allan Bradley Data Highway Plus and shall
contain an Ethernet Card to communicate with the existing Honeywell
Ebi wvia the existing J5C LAN.

2.5.8.7 Component Reguirements

Printed Circuit Boards

A1l printed circuit boards shall be new. They shall be conformally
coated for molsture and chemical resistance, in addition to any
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dielectric coating properties. AlL boards must be fested in
accordance with paragraph entitled, Subassembly Tests,

Power Bus and Wiring

Main power bus shall be high-conductivity and plated for chemizal and
corrosion resistance and low losses. Bus shall be appropriately sized
for the VFD continucus current rating and braced to withstand the
mechanical forces caused by a momentary short circult current of 40 kA
expected at the bus. All connections shall be bolted or continuocusly
welded., Main grounding of the VFD system shall have a common loop
consisting of copper cable placed in the enclosure base,. This cable
will ground the base and will be attached to stainless steel grounding
pads welded to the base on two locations, one at each end of the
enclosure,

all control wiring shall be physically separated from the power
wiring. Low and high voltage cables shall be physically isolated from
each other. The VFD system shall be pre-wired within the enclosure.
spade type connectors are not acceptable. No soldering shall be used
in connection with any wiring. Wiring shall be adegquately supported
to avoid tension on conductors and terminations. All wiring shall be
run in surface mounted conduit or wire-ways. Any section of wiring
outside of conduit or wire-way shall be securely tied with cable ties
at intervals not exceeding six inches. XNo cables shall be tied cff to
or in any way supported from power busses. Wherever wiring passes
metal edges or through heles, suitable guards or grommets shall be
provided to prevent cutting or chafing of the insulation.

All wiring shall be tagged with permanent labels at each termination,
junction box, and device, Labels shall correspond to the schematic
and wiring diagrams.

Ground Connection

Corrosion resistant grounding pads shall be provided in each power
cubicle. A copper ground bug shall be provided for grounding of
control circuits.

Input Isolation Transformer

The VFD system is to be supplied with a drive isolation transformer to
provide common mede voltage protection and phage shifting (for 18
pulse or higher converteyr bridge, 1if emploved to meet the powsr
quality requirements. VFD systems utilizing input three phase AC line
reactors which require motors eguipped with special higher veltage
rated insulation systems ars not acceptable and will not be allowed as
an alternate bid.

rransformer design to be a rectifier grade isolation type with a
¥-Factor of 12 for variable tergue loads or a K-Factor of 20 for
constant torgue loads when applied to a SCR converter, in accordance
with current EPRI recommendaticons and IEEE C57.110. A K-Factor of 6
is required for dicde rectifier converters. Transformers shall have a
BIL, rarting in accordance with the reguirements of IEEE (C57.12.01.

If dry type construction transformers are regqulred, maximum 115¢C rise
It

and minimum 220 C insulation with over-temperature protection.
Transformers shall be OA rated and applied in a FA installation.
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If cil-filled type transformers are required due to size or other
proiject specific need, they shall have a maximum temperature rigse of
55%¢ and insgulation rated for 185°C with cver-temperature, Buchaltz
and sudden pressure protection. If the total oll capagity of the
cransformer excesds 500 gallonsg, the oil sump and containment
provisions shall be supplied as part of the VFD system.

Tf direct liguid-cooled transformers are required due to size cr other
proiect gpecific need, they shall be dry-type, epoxy cast
construction, with a maximum temperature rise of 30°C and insulation
rated for 220°C and over-temperature protection.

¢ Link Inductors

D¢ link inductors 1f regquired shall be ailr core to prevent
gsaturation. Separate inductors (splitv dual winding type)l shall be
provided in the positive and negative leg of the DC link to minimize
stray magnetic fields. Maximum temperature rise shall not exceed 115
¢ with minimum 220 ¢ insulation and over-temperature protection. To
minimize cabling costs the inductors shall be integral to the VFD
system lineup. If it is not possible to integrate the inductors into
the VFD system enclosure, the cabling and connecting must be entirely
supplied and/or contracted by the VFD system supplier, and approved by
the Customer's Engineer. Inductors shall meet the reguirements of
ANSTI 57.16 and shall be designed to prevent gaturation under maximum
fault current conditions.

DC Link Capaciters

Capacitors used in the converter DC link shall be integral to the VFD
gystem lineup to minimize cabling costs.

Capacitors used in the converter DC link shall contain discharge
registors and capable of reducing the residual charge to 50 volts or
less wirhin five minutes after the capacitor is disconnected from the
source of supply.

Input Harmeonic Filters

If after meeting insulation characteristics above, harmonic filters
are still reguired te meet power factor requirements, stricter local
reguirements, or telephone interference factor restrictions, the VED
manufacturer must provide the filter, upstream filter isclation,
protection and protection coordination. As harmonic filters are power
system dependent, the VFD supplier is responsible for maintaining and
providing any regquired upgrades required for the first ten years of
cperation at zero cost to the owner. To minimize cabling costs the
harmonic filter components shall be integral to the VFD system lineup,
but isolated from other components, such that they can be disconnected
from the power source and accessed for maintenance/repair while the
VFD is in operation. If it 1is not possible to integrate the filters
intn the VFD system enclosure, the cabling and connecting must be
entirely supplied and/or contracted by the VFD system supplier, and
approved by the Customer's Engineer. Harmonic filters must be located
on the primary side of the input isclation transformer and must be
switchable with the VFD, to prevent thelr remaining on the power line
in the event of a VFD trip which could create a damaging leading power
factor condition. The complete filter must have independent
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protection for over-current, phase differential and ground fault,

Any inductors used shall be iron-core or air-core with a maximum
temperature rise of 113 € with minimum 220 C insulation an
cver-temperature protection. Reactors shall be designed to prevent
saturation under maximum fault current conditions. Reactors shall
meet the reguirements of IEEE C57.16.

Capacitors used in the harmonic filter banks ghall meet the
requirements of IEEE Std 18 and IEEE Std 1036 for shunt power
capacitors. Capacitors used in any harmonic filter banks shall be
provided with a method of shorting the phases to ground once power has
heen removed znd the capacitors have been discharged to a safe voltage
level. Where oil-filled capacitors are required and the total volume
of pil exceeds 500 gallons, the oil sump and containment provisions
shall be supplied as part of the VFD system.

Cutput Filters

1f an output filter is required to meet the output harmonics
requirements of this specification, or to meet any special
requirements of the application, they must be fully incorporated into
the VFD system design. To minimize cabling costs the output filter
components shall be integral to the VFD system lineup. If it is not
possible to integrate the output filters into the VFD system
enclosure, the cabling and connecting must be entirely supplied and/or
contractaed by the VFD system supplier, and approved by the Customer's
Engineer,

Any inductors used shall be iron-core with a maximum temperature rise
of 115 ¢ with minimum 220 C insulation and over-temperature
protection. Reactors shall be designed to prevent gaturation under
maximum fault current conditions. Reactors shall meet the
requirements of IEEE C57.16.

Capacitors used in the harmonic filter banks shall meet the
requirements of IEEE $td 18 and IEREZ Std 1036 for shunt power
capacitors.

where potential exists for self-excitation between the ocutput [ilter
and the motor system, a fully (voltage and current) rated output
contactor shall be provided by the VFD supplier as part of the ViD
system delivery.

Input Power Terminations

Input and output power connactions shall be made to isclated,
supported and plated bus strap connections. Sufficient space shall be
provided for termination connecticns from the top or the bottom of the
VFD cubicle. Space provisieons shall be provided for application of
srandard stress cones, and provisions sghall be provided for grounding
of shielded cabling.

2.5.6.8 Switchgear

Switchgear shall be provided for the VFD system in accordance with Medium
Voltage VFD Switchgear Specification Guide.
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2.5.6.9 Accessories

Additional accessories shall be provided for the VFD system in accordance
with YFD Accessories Specification Guide.

2.5.6.10 Control Buillding/Drive House

If reguired, a control house shall be provided for the VFD system and any
related sguipment. The control house shall be in accordance with
Electrical Eguipment Enclosure Specification Guide.

2.5.6.11 Testing
Subagsembly Tests

Printed circuit boards shall be visually inspected and functicnally
tested, All boards must be tested individually pricr to assenmbly to
minimize any impact faulty boards may have on delivery schedules and
gyatem reliability. Each board shall be load and temperature cycled
from no load to full lecad and from ambient to +60°C during a 48-hour
burn~in test. Any boards that exhibit drift during the test must be
replaced with boards that have successfully completed the burn-in
without drift.

Power assemblies shall be visually inspected and then HIPOT tested.
Complete diagnostics and logic shall be tested. The complete power
conversion circuit shall be thoroughly tested at 100% load for a
minimum of one hour and then tested for one minute at momentary
overload rating, to reduce potential problems in advance of final
system testing.

System Level Taestsg

The system {as defined in Article 1.2 above) shall be given
preliminary checks including verification of electrical connectionsg
including ground connectionsg, power and control wiring shall be
resistance checked point-to-point. E-prom and EBEE-prom shall be
checked for correct revision level. Visual check ghall be performed
to verify: degree of protection for cabinets, input isolation isg
lockable in the off-pogition, marking of terminals and wiring, space
availability for cable termination, accessibility of components and
ease of maintenance and repair. The VFD system shall be fully checked
against the approved drawings for compliance and correct physical
dimensions,

Power circult and all control circuits shall be HIPOT tested to ground.
All control veltage levels are to be checked and verified.

A no load test is to be performed on the system. Drive is to be
connected to an unloaded motor and feed back signals shall be
serified. Output voliage shall be calibrated. &All logic and
interlocks including customer loglc and instrumentation shall be
tested,

Drive shall be given a full power test at rated current and rated
voltage {(simpultaneously) for a minimum of four hours on a dynamometer
or reactor load. This test shall be performed as an integrated system
including all supplied input switchgear, input transformer, input
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filter (if supplied), power section and output filter (if supplied).
The VFD manufacturer shall perform the factory system test to verify
that total system efficiency, power factor and harmonic distortion
1imirs are met as specified. Total system efficlency shall be
reasured using watt-meters or Multilin PQM or approved eguivalent
meters on both the input and the output of the complete system.
gystem shall not be shipped unless specified performance criteria are
mes . Certified test data of all tests conducted shall be provided
with final documentation.
when required, the testing shall be witnessed by customer's
representative(s). A projected test schedule and a copy of proposed
test procedures shall be provided at least one month in advance of
test date. Cugtomer shall be given at least one-week notice or
confirmation of actual test datel(s).
2.5.6.12 Docunentaticn
with Proposal

Proposal information shall include, but not be limited to:

Preliminary Spare parts list

Certification of Compliance with this Specification

Warranty

Preliminary Dimensionsg and Weights

VFD System continuous Current and Voltage Rating

VFD System 1 minute Current Rating

Efficiency and Power Factor at 100%, 75%, 50% and 25% load

Input Current at 100%, 75%, 50% and 25% load

furrent & Voltage Harmonic Distortion Analyses

External interconnection one-line wiring diagram showing all

power, control and protection cabling required to complete the VED

system on-site

After Order Submittals

submittals shall be custom prepared by the VFD system manufacturer for
this specific application.

Submittal information shall include, but not be limited to:

Equipment dimensions, including stub-up locations, shipping splits
and shipping welghts

Spare parts list
Certifications

Warranty
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pfficiency and power factor values
Harmonic distortlon analysis
Final
rinal documentation shall include the following:
Start-up and commissioning instructions and data

Certified "as-built® drawings of all egquipment with information
tisted above

Operation and maintenance manual
Manufacturer's gervice and repair support during and after warranty
Spare parts lists with supplier names and part numbers

2.5.6.13 Delivery

YFD system shall be delivered to the site pre-assembled and wired with all
specified interconnecting wiring and cable. Cabling for connection across
shipping splits shall be neatly coiled and identified. Exposed sections of
egquipment shall be fully protected from damage during shipment. All
necessary hardware for reconnecting shipping splits shall be provided.

2.5.6.14 Warranty

All equipment furnished under this section shall be warranted by the
contractor and the squipment manufacturer(s) for a minimum period of cne
(1} year after completion of startup or 18 months after shipment, whichever
occurs first. Warranty shall include all parts, labor and expenses to
perform necessary wWOrk.

2.5.6.15 Start-Up

Urp syster manufacturer shall provide the field services of a factory
technician as necessary to supervisge/inspect installation, test and
start-up all eguipment provided as part of the fixed price proposgsal. The
firm price shall include all travel and living expenses in addition to the
engineer’'s time required to complete supervision of the installation,
resting and start-up. All eguipment reguired for testing, start-up and
performance verification shall be provided by the gtart-up technician.

varification of VFD input harmonic voltage and current distortion limits
specified must be verified at rated speed and rated power as part of final
startup and acceptance. A recording type Fluke, Multilin POM, BMI or
equivalent harmonic analyzer displaying individual and total harmonic
currents and voltages must be ubilized.

.5.6.18 SPARE PARTS

3%}

The following spare parts shall be furnished:
Three of each type of power and contraol fuse.

Four of each type of power semiconductor (SCR, SGCT, IGBT, IGCY, power
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diode, ete.) used in the converter/rectifier or inverter.
might of each type or size of DC link capacitor.

Twoe of each type or size of input and output filter capacitor.
Five of each type of panel lamp.

{ne keypad

{me fiber optic connector of each type

For ligquid cooled VFDs, one spare de-ionizer medium cartridge or media
change

For alr cooled VFDs, one set of replacement air filters
For air cooled VFDe with belt driven blowers, one set of belts

One of each control printed circuit board, two of each type gate
firing boards, include all diagnostic system printed circuit boards.

2.5.7 Pressure Veggels - Asme Code

Pressure vessels {cooler, condenser, intercocler and pumpout receiver) as
hereinafter specified shall be designed, constructed, tested and stamped in
accordance with the regquirements of the ASME Boliler and Pressure Vessels
Code, Section VIII, Division 1. Refrigerant Side Design Working Pressure
(pwe) shall be as determined by manufacturer for the refrigerant and
gservice; and cooler and condenser water side DWP shall be as previously
detailed in this specification.

2.5.8 Cooler And Condenser

The liguid cocler and refrigerant condenser shall be of the horizontal
shall and tube type with necessary integral mounting stands including
provision for level-adjusting, limited rise, spring-type lsolators as
hereinafter specified. The shells ghall be of steel with fusion welded
seamg having steel tube sheets welded to each end of shell, and internal
intermediate tube support sheets to suppor: tubes at 48-inch {1219 mm)
maximum spacing. Shell shall be fabricated so each tube may be
individually replaced. Tubes shall be roller expanded into tube sheests to
aensure a gas tight jolnt. Integral marine water boxes, factory welded to
rhe tube sgheets, shall be furnished with removable covers to permit access
to the tubes for inspections and cleaning without disturbing or breaking
any piping connections. Water connections shall be radially oriented, weld
end, sealed for shipment.

2.5.9 Cocler

Liguid coocler shall be fabricated as specified above for COOLER AND
CONDENSER and shall include ligquid headers and a distribution baffle to
ensure optimum liguid refrigerant distribution, and a tube bundle
configuration to ensure wetting of tubes under all load conditions.
sdeguate space shall be provided above tube bundle for separation of
rafrigerant liguid and vapor, and a suction baffle or mesh eliminator shall
be furnished located to ensure uniform distribution cf suction gas flow and
to prevent liguid from being carried cover to the compressor. Cooler tubes
snall be roller expanded into intermediate tube supports. The ccooler shall
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pe provided with sight ports and a guitable relief device in accordance
with ASHRAE 15 (latest edition) Safety Code {and lccal codes) consisting of
pursting discts) in series with relief valve(s). Properly sized suction,
tiguid inlet, hot-gas bypass, liguid transfer and relief connections shall
ne provided.

2.5.10 Condenser

cendenser shall be fabricated as specified above for COQLER AND CONDENSER
and shall include a discharge gas baffle to provide efficient distribution
of discharge gas and to prevent direct impingement of gas on tubes, and an
integral axial flow liguid suh-cooler, with pilot refrigerant liguid level
coptroller and prneumaticelly operated high pressure liquid valve. Properly
sized discharge gas inlet, liguid outlet, hot-gas bypass, pumpout and purge
connections shall be provided.

2.5.11 Intercocler

Fach multistage compressor unit shall be furnished with a flash type
refrigerant intercooler to improve overall cycle efficiency.

Tntercooler shall be of welded steel construction, and shall include
nacessary low pressure f{lcat valve, fylly accessible without breaking
piping connections, to meter refrigerant liquid flow to the cooler; and
interstage gas mist eliminators. Properly sized liguid inlet, liguid
cutlet and interstage gas connectiong shall be provided, together with
means of external manual operation of float valves. rovision shall be
made Ffor level-adjusting, limited rise, springtype isclators as hereinafter
specified.

2.5.12 Refrigerant Transfer Unit/Pumpout Receiver

A complete compressor operated transfer unit and horizontal purnpout
receiver shall be provided to permit transfer and isolation of the
refrigerant charge, as previously specified. The pumpout receiver shall be
of welded steel construction and include integral floor mounting stands,
dial type liquid level gauge, and dual relief arrangement in accordance
with ASHRAE 15 (latest edition) Safety Code (and local codes), conslsting
of bursting discs in serieg with relief valves. Properly sized refrigerant
liquid, gas and relief connections shall be provided.

The refrigerant transfer unit shall be certified under ARI Standard 740, of
rhe open reciprocating compressor Lype belt drive with a 10 HP (7.5 kW)
open drip proof motor, with water cooled condenser, oll separator and
necessary safety controls for manual operation, including starter with
fuead disconnect switch and control power transformer. The refrigerant
rransfer unit shall be factory mounted on and piped to the receiver.

piping shall include necessary valve manifolding for efficient refrigerant
liguid/gas transfer.

2.5.13 CONTROL CENTER

fach unit shall be furnished with YORK designed and programmed control
center bagsed on an Allen-Bradley PLCR/Z0 (programmable logic controller) or
(most current version available) with an A-B PanaelView 1000 or [(most
current version avalilable) 10.4" CCLOR ACTIVE MATRIX (TFT) display of all
operating and protective parameters, and operatoer terminal keypad. The
controls shall be factory assembled and wired in an upright, finish
painted, rugged steel NEMA-1 enclogsure with locked full helght rear access
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docrisy.

The control center shall contain all necessary controls and control logic
Lo provide stand-alone automatic start-up, faill-safe Ffully automatic
aperation, 2lectronic capacity control and safety protection of the chiller
unit, speed increaser gear/electric motor drive. It shall alse provide for
automatic pre-lube and post-lube operation of the speed increaser gear and
compressor auxiliary oil pumps (AQP); and operation of the ACPs during any
low pressure lube condition. Controls shall alsoc be included for automabic
control of compressor capacity to limif maximum motor power consumption,
manually adiustable 100 to 40% of chiller capacity.

Control center shall be 100% electronic/electric, with all values
graphically displayed. Refrigerant, oil and bearing temperatures and/or
pressures, and control supply air pressure, are all to be electronically
monitored from locally mounted RTDs with transmitters and pressure
transducers to be furnished as part of the chillier unit. BAlso to be
monitored are pre-rotation vane, high pressure liguid valve, interstage gas
valve, and hot gas valve gignals; drive motor power requirements; and
chilled and condenser water flows and temperatures. This data is to be
displayed on a series of coler graphic screeng, including, but net limited
to: Screen List, Compressor Lube System, Malin Compressor Status List,
Refrigerant/Water System, Manual/Automatic Control, Capacity Controls
Tuning, Refrigerant and Water Status Lists, Miscellanecus Operating Status
List, and Alarm History.

The control center shall also include an Emergency Stop button, bypassing
all controls. It is to be mounted cn the front of the control center,
together with the color graphic display and its membrane keypad; and the
Start, Stop, and Reset buttons.

511 contrels are to be arranged for easy access -~ internally wired to

clearly marked terminal strips for external {(field) wiring connections;
wiring color coded black {(control), white (neutral), and green {(ground),
with each wire numerically identified at both ends. A copy of Che unit
wiring diagram is to be provided in a pocket inside the enclosure door.

The control center is to be supplied a 7.5 kVA 120 volt/l-phase/60 (50}
Hertz power supply from the compressor meotor starter (OPTIONAL), or from a
separate socurce {(by cthers)., The control center is to be all electric.

The prerotation vanes, high pressure liguid valve, interstage gas valve,
and hot gas valve are all to be electronically controlled and pneumatically
actuated, and are to be supplied a total of 4-5 SCFM (1890 to 2360 co/s) of
clean dry filtered instrument air at 80 to 100 PSIC {310 to 350 kpa)
preggure (By others).

.5.13.1 Field Installed Components

Ashcoroft Type KI pressure transmitters shall be provided for points
specified on the Input/Output List, for installation near the process
connection. Lockable stainless steel ball valves {(Appollo 76-103-27) shall
be provided for each root connection.

Temperature sensors shall be I-wires, 100 ohm platinum RTDs with MINCO Model
TT&76 temperature transmitters having 4-20mA DT output. Ranges shall he
selected to cover all expected operating conditions but kept ro a minimum
to ensure best pogsible accuracy. Temperature sensors/transmitters shall
be provided for the polints specified on the Input/Output List.
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The hardwired Compressor (il High Temperature Cutout shall be Ashoroft
The hardwired Compressor 011 Low Differential Pressure Cutout

T420T8.
chall be an Ashcroft D4Z20B.
locally on

the compresssr.

These switches shall be factory installed

The hardwired Condenser Refrigerant High Pressure Cutoub shall be an
asheroft 24208 and shall be field installed without amy intervening stop
valve, as regquired by ASHRAE 15 safery code,

The hardwired Evapcrator and Condenser Water Low Differential Pressure

Cutouts shall be ashcroft D420B,

water nozzles.

and shall be installed localliy near the

Brandt Model STDS5131-6 electro-pneumatic transducers with 4-20mA input and
31-15 psi output shall be previded for compressor pre~rotation vanes, hot
gas valve, interstage valve and subcooler level control vaive signals.

2.5.13.2

Symbol

INPITS:  See Notres 1, 2 and 3

Description

Analog Inputs

FT-100
Pr-102

JT-1860

LT-114

pT~111
PT~113
PT-116
PpT-140
PT-143
pr-144
PT-146
PT-150
pT-156
PT~150

TT-100
Tr-101
Tr-102

Tr-103

TT-111

TT~113
TT-114
TP-115%
Tr-142
TT-147
TT-150
TT-15%
TF~152
Tr-153
TF-154

Chilled Water Flow
Condensing Water Flow

Motor Kilowatts

Subcooler Refrig. Liguid Level

Evaporator Refrig. Pressure
Condenser (Compy. Disch.) Pressure
Intercooler Refrig. Pressure

Compr. Supply 01l Pressure
Compr. Sump Pressure

Compr. Shaft Pump 0il Pressure
Compr. Balance Piston Pressure

Cear Supply 0il Pressure
Gear Shaft Pump 0il Pressure
Control Supply Alr Pressure

Chilled Water Out (Supply) Temp.
Chilled Water In (Return; Temp.
Refrig. Cond. Water In

{Supply) Temp.

Refrig, Cond. Water Out

{(Return) Temp.

Evapcrator Refrig. Liguid
Temperature

Compressor Refrig. Discharge Temp.
Condenser Refrig. Liguid Temp.
Subcooled Refrig. Liguid Temp.
Compr. Shaft End Bearing 0il Temp.
Conpressor Thrust Bearing 011 Temp.

Gear Supply 01l Temp.

Gear Rearing Temp., HS Shaft End

Cear Bearing Temp., HS Blind End

Cear Bearing Temp., HS Shaft End

Cear Rearing Temp., HS Blind End
SECTICON 23 64 £0.00 3

Signal Remarks

4-20mA By Others Note 1
4-20mA By Others Note 1

4-20mA Note 2, 3

4-20mA

4-20mA
4-20mAa
4-20mh
4-20mA
4-20mA
4-20mA
4-20mA
4-20mA
4-20mA
4-20mh

100
160
100

160

100

160
160
100
164
100
160
160
100
160
160

Ohm
Ohm
Ohm

Ohm

Ghin

Chim
Chm
Qhim
Ghm
Chm
Ohm
O nm
Chumn
Onm
Chm
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RTD/4-20mA
RTD/4-20ma
RTD/4-20mA

RTD/4-20mA

RTD/4-20mA

RTD/4-20mA
RTD/4-20ma
RTD/4~20mA
RTD/4~20mA
RTD/4-20mA
RTD/4-20maA
RTD/4-20mA
RTD/&-20mA
TR/ 4-20mA
RTD/4-20mA

Transmitter
Trangmitber
Transmitver

Transmitter
Transmitter

Transmitter
Transmitter
Transmitter
Transmitter
Transmitber
Transmitter
Transmitter
Transmitter
Trangsmitter
Transmitter
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Tr-161 Rlectric Motor Drive End 100 Ohm RTD/4-20mA Transmitfer
Bearing Temp.
TT~162 Electric Moter Blind End 100 Ohm RTD/4-Z0mA Transmitter
Bearing Temp.

TE-160A Electric Motor Stator Temp., 100 Ohm RTDNote 3
Phase Al

TE-1608 Electric Motor Stator Tenp., 100 Ohm RTDNoLe 3
Phase A2

TE-160C Electric Motor Stator Temp., 100 Chm RTDNote 3
Phase Bl

TE-L160D Electric Motor Stator Temp., 100 Chm RTDNote 3
Phase B2

TE-160E Electric Motor Stator Temp., 100 Chm RTDNote 3
Phase C1

TE-160F Electric Motor Stator Temp., 100 Chm RTDNote 3
Phase C2

Digital Inputs

M1A Compr. Motor Starter “Start® Interlock 120VAC Note 2

MiB Compr. Motor Starter "Run” Interlock 120VAC Note 2

M2 Compr. AQP Starter Interlock 120VAC MNote 2

M3 Gear AQP Starter Interlock 120VAC Note 2

MPIDB6 tarter Safety Fault Lockout Relay 12QVAC Note 2

PDSLL-101 Chilled Water Press. Differential (Switch) 120VAC

PDSLL~-102 Cond. Water Press. Differential (Switch) 120VAC

PDSLL-140A Comp. Low 01l Press. Switch (Hardwired) 120VAC

PSHH-113A Cond. Hi Refrig. Press. Switch (Hardwired)

T5-120 0il Separator Temperature Switch 120vVAaC

TSHH-147A Compr. i1 High Temp. Cutout {(Hardwired)

- Chillier Start Push-button 120VAC

- Chilier Stop {Normal) Push~button 120VAC

- Reget Push-button 120VAC

- Emergency Stop Push-button 120VaC

2.5.13.3 QUTPUTS

Symbol Description Signal

Analog Qutputs

Ly-114 Subcooler Level Control Valve 4-20mA

PoY-116 Interstage Control Valve 4-20mA

TY-100A Compressor Pre-rotation Vanes 4-20mA

TY-1008 Hot Gas Bypass Valve 4-20mA

Digital Cutputs

PCV-105 Aux. Cooling Water Solenoid Valve 120VAC

FCV-114 Liguid Injection Solencid valve 120VAC

POV-120 Cas Supply to 01l Eductor Solencid 1L20VAC

R1 Compressor Motor Start Relay 120VAC

R2 Compressor AQOP Motor Start Relay 120VAC

R3 Gear ACP Motor Start Relay 120VAC

R4 Chilled Water Pump Emergency 120VAC HNote 4
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Start Relay

R5 Compressor 011 Heater Control Relay 120VAC

ME 01l Separatoy Heater Contactor 120VAC

PCV-143B Compressor Auto Sump Vent Solencid 120VaC
NOTES:

Chilled and condengser water f{low measurement stationg are to be
supplied by cthers. Their design, selection, proper appiication, and
installation should be defined in the appropriate parts of the project
gpecifications. These specificaticns should address the accuracy
needad for use of the data intended {flow tested/calibrated to 1/2% of
reading for ARI 550/590 testing, informational, etc.). Also,
installation methods must comply with industry and manufacturer's
requirements (particularly straight lengths up and downstream,
coordinated pipe wall thickness). Please provide YORK with details on
flow elements and transmitters.

The specifications of the individual components monitored above
{chiller componentsg, speed increaser gear, electric drive motor, motor
startar, etc,) shall meke provisions for, and the supply ¢f Inputs
listed above, such as pressure taps, block valves and 4-20ma
transmitters for pressure measurement; thermal wells with 3-wire 100
Ohm Platinum RTDs with 4-20mA Transmitters (except for motor stator)
for temperature measurement; ACP starter interlocks; main drive motor
starter interlocks, CTs, PTs, kW Transducer; eto.

Monitoring of motor stator temperatures will be most effectively
accomplished by the comprehensive and sophisticated monitoring and
protection provided by incorporating a microprocessor based motor
protective unit {(MPU}, - such as Cutler-Hammer/Wegtinghouse IQL000/ IQ
Data Plus IT in the motor starter, as previcusly specified, in which
case monitoring of motor stator temperatures would be accomplished by
rhe MPU. Motor bearing temperatures will be monitored in the chiller
control panel. In all cases, a separate utlility grade kilowatt
rransducer is reguired for input to the chiller panel.

This contact outpub is energized by an evaporator low refrigerant
pressure condition. The customer must establish chilled water flow
through the chiller when this contact is closed to prevent tube
freeze-up. It is recommended that this contact be hardwired inte the
chilled water pump motor starter control circuit.

2.5.14 VIBRATION MCONITORING SYSTEM

Factory-mounting:

Provide Bently-Nevada 3300 or 3300 RAM series proximity probes at
those radial and thrust bearings specified in paragraph 2 below.

Exrension cables and proximitors to ke terminated in proximitor
housings supplied and installied by chiller manufacturer, or
sub-vendors, and mounted on the machinery skid,

Chiller Driveline Bearings Configurations:

Compressors:
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Two proximity probes installed on each of two (2} radial bearings
90 degrees apart in an X-Y configuration.

One proximity probe installed ar the thrust bearing in a 2 {axiai}
configuration,

fone keyphasor prcbe for speed reference signal.
Speed Increasers:

Two proximity probes installed on each of two (2) low-speed shaft
radial bearings and each of two (2) high-speed shaft radilal
bearings, 90° apart in an X-Y cenfiguration.

One keyphasor probe on low speed gshaft for speed reference signal.

Compressor Motors: Two proximity probes installed on each of two (2}
motor shaft radial bearings 90° apart in an X-Y configuration.

Control Center Monitoring Contfigurations

Chiller control center shall monitor all vibration signals with a
Bently Nevada Mcedel 1701 monitoring system, displaying those levels in
a vibration monitoring screen on the Allen-Bradley PLC based control
center.

2.5.15 Miscellaneous
The unit manufacturer shall also furnish the following for each unit:

Necessary steel refrigerant piping, valves and fittings to
interconnect the compressor, condenser, cooler, and intercooler
including high pressure liguid and interstage gas valves; automatic
hot gas bypass valve, piping and fittings; and necessary refrigerant
and oil gauge and control piping. Also necessary steal refrigerant
piping, valves and fittings to interconnect the liguid c¢hilling unit
and the refrigerant transfer unit/pumpout recelver located within
Fifty (50} ft (15,240 mm} of each other. A11 piping shall be
furnished in accordance with ANSI B31.5 Piping Code.

0il rerurn unit (electrically heated), and piping for field mounting,
piping, and wiring.

Necessary external lines for compresser lubrication system.

Necegsary compressor and gear oil pump starcers, and refrigerant
transfer unit compressor motor starter, for field mounting and wiring.

5-in. (127 mm) dial bimetal-type thermometers for bearing supply oil,
thrust bearing discharge oil, compressor sump oil, compressor

refrigevant discharge gas and low pressure refrigerant liquid.

gpecial wrenches and/or special tools necessary for propay Compressor
installation and maintenance; and tool box.

Complete initial charge of refrigerant and lubricating oil for
compressor and drive line c¢omponents.

Level-adjusting (jack-screw) gpring type vibration isclator
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assemblies, limited rise, with non-skid pads ~ designed for l-in. (25
mm! deflection - for meounting the compressor drive line assembly,
hell assembly and intercooler.

one coat of factory applied heavy duty Ameren Amerioc (dark blue)
epoxy primer, suitable for field applied thermal and/or accustic
ingulation, and finished coat paint,

.6 ACCESSURIESR

6L Refrigerant Leak Detector

Detector shall be the continucusly-operating, halogen-specific type.
Detector shall be appropriate for the refrigerant in use. Detector shall
be specifically designed for area monitoring and shall include three
sampling points installed where indicated. Detector design and
construction shall bhe compatible with the temperature, humidity, barometric
pressure and voltage fluctuations of the operating area. Detector shall
have an adjustable sensitivity such that it can detect refrigerant at or
above 3 parts per million (ppm). Detector shall be supplied
Factory-calibrated for the appropriate refrigerant(s). Detector shall be
provided with an alarm relay cutput which energizes when the detector
detects a refrigerant level at or above the TLV-TWA (or toxicity
measurement consistent therewith) for the refrigerant(s) in use. The
detector's relay shall be capable of initiating corresponding alarms and
ventilation systems as indicated on the drawings. Detector shall be
provided with a failure relay ocutput that energizes when the monitor
detects a fault in its operation. Detector shall be capable with the
facility's energy management and control system (EMSS). The EMCS shall be
capable of generating an electronic log of the refrigerant level in the
operating area, monitoring for detector malfunctions, and monitoring for
any refrigerant alarm conditions,

6.2 Installation Identification

vach new refrigerating system shall be provided with a refrigerant sign
which indicates the following as a minimum:

a. Contractor's name.
b. Refrigerant number and amount of refrigerant.
¢. The lubricant identity and amount.

d. Field test pressure applied.

7 FINISHES
7Ll Factory Coating

RV i 4 Coil Corrosicn Protection

Provide coll with a uniformly applied epoxy electrodeposition, phenclic, or
vinyl type coating to all coil surface areas without material bridging
hetween fing. Coating shall be applied at either the coil or coating
manufacturer's factory. Coating process shall encure completse coil
encapsulation. Coating shall be capable of withstanding a minimum 1,000
hours exposure to the salt spray test specified in ASTH B 117 using a 5
percent sodium chloride solution.
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2.7.1.2 Equipment and Components

Cnless otherwise specified, equipment and component items, when fabricated
frem ferrous metal, shall be factory finished with the manufacturer's
standard finish, except that items located cutside of bulldings shall have
weatrher resistant finishes that will withstand 500 hours exposure to the
salt spray test specified in ASTM B 117 using a 5 percent scdium chlioride
solution. Immediately after completion of the test, the specimen shall
show no signs of blistering, wrinkling, cracking, or loss of adhesion and
no sign of rust creepage beyond 1/8 inch on either side of the scratch
mark. Cutr edges of galvanized surfaces where hot-dip galvanized sheet
ateel is used shall be coated with a zinc-rich coating ceonforming to

ASTM D 520, Type I.

2.7.2 Factory Applied Insulation

thiller shall be provided with factory installed insulation on surfaces
subject to sweating including the liguid ccoler, suction line piping,

economizer, and cooling lines. Insulation on heads of coolers may be field
applied, however it shall be instalied to provide eagy removal and
replacement of heads without damage to the insulation. Where motorg are

the gas-cooled type, factory installed ingulation shall be provided on the
cold-gas inlet connectlon to the motor per manufacturer's standard
practice. Factory insulared items installed outdoors are not reguired to
he fire-rated. AS a minimum, factory insulated items installed indoors
shall nave a flame spread index no higher than 75 and a snoke developed
index no higher than 150. Factory insulated items {no jacket} installed
indeors and which are located in air plenums, in ceiling spaces, and in
attic spaces shall have a flame spread index no higher than 25 and a smoke
developed index no higher than 50. Flame spread and smoke developed
indexes shall be determined by ASTM E 84, Insulation shall be tested in
the game density and installed thickness as the material to be uszed in the
actual construction. Material supplied by a manufacturer with a Jacket
shall be tested as a composite material. Jackets, facings, and adhesives
shall have a flame spread index no higher than 25 and a smoke developed
index no higher than 50 when tested in accordance with ASTM E 84.

2.8 FIFLD TESTS
2.8.1 Chiller Field Test

The Contractor and proposed chiller manufacturer shall be responsible for
performing the chiller factory test to valildate the gspecified full load
capacity, full leoad FER, in accordance with ARI 550/590 except as
indicated. The chiller test shall be performed in the presence of a
Government representative. The Contractor and chiller manufacturer shall
provide te the Government a certified chiller field test report to confirm
that the chiller performs as specified. At a minimum, chiller capacity
chall pe validated to meet the scheduled regquirements indicated on the
drawings. Tolerance or deviation shall be in strict accordance with

ART 550/590. Mechanical contracteor shall provide testing and balancing
equipment for waterside, and all labor. Manufacturer shall provide
supervision of test. All testing procedures and equipment/meters shall be
approved by chiller manufacturer.

2.8.1.1 Temperature Adjustments

Tempperature adjustments shall adhere to ARI 550/590 Lo ad
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b

design fouling factor to the clean tube condition. Test temperature
adijustments shall be verified prior to testing by the manufacturer. There
¢hall be no exceptions to conducting the test with clean tubes with the
tepperature adiustments per ARL 550/530. The manufacturer shall clean the
tubes, if necessary, prior to testing to obtain a test fouling factor of
0.0006.

L8.1.2 Tagt Report

A certified test report of all data shall be forwarded to the Government
for approval prior to project acceptance. Calibration curves and
information sheets for all instrumentation shall he provided.

.8.1.3 Equipment Adjustments

If the equipment fails to perform within allowable tolerances, the
manufacturer shall be allowed to make necessary revigsions to his egquipment
=ndé retest as reqguired. The manufacturer shall assume all expenses
incurred by the Government to witness the retest.

.9 SUPPLENMENTAL COMPONENTS/SERVICES

.91 Chitled and Condenser Water Piping and Accessories

chilled and condenser water piping and accessories shall be provided and
installed in accordance with Section 23 64 26 CHILLED, CHILLED-HOT, AND
CONDENSER WATER PIPING SYSTEMS.

.9.2 Refrigerant Piping

Rafrigerant piping for split-system liguid chillers shall be provided and
installed in accordance with Section 23 23 00 REFRIGERANT PIPING.

.9.3 Cooling Tower

Cooling towers shall be provided and ingrtalled in accordance with Section
23 65 00.00 10 COOLING TOWER.

.9.4 Temperature Controls

chiller control packages shall be fully coordinated with and integrated
into the temperature control system gpecified in Section 23 00 00.00 40
HEATING, VENTILATING AND ATR-CONDITIONING AND 23 09 12 CONTROLS FOR CENTRAL
COOLTING AND HEATING PLANT and inte the existing air-conditiening system.

PART 3 EXECUTION

3.

1 INSTALLATION

work shall be performed in accordance with the manufacturer's published
diagrams, recommendations, and eguipment warranty reguirements. Where
equipment is specified to conform to the requirements of

ASME BPVC SEC VIITI Diland ASME BPVC SEC IX, the design, fabrication, and
installarion of the system shall conform fo ASME BPVC SEC VIII D1 and
ASME BRVC SEC IX.
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Lad

L1 Refrigeration System

.

{ad
[

J1ld Eguipment

Refrigeration equipment and the installacion thereof shall conform to
ASHERAE 15. Necessary supports shall be provided for all eguipment,
appurtenances, and pipe as reguired, including framesg or supportsg for
COMPressors, pumps, cooling towers, condensers, liguid coolers, and similar
items., Compressors shall be isolated from the building structure. If
mechanical vibration isolators are not provided, vibration absorbing
foundations shall be provided. EFEach fcoundation shall include isolation
units consisting of machine and floor or foundation fastenings, together
with intermediate isolation material. Other floor-mounted eguipment shall
be set on not less than a 6 inch concrete pad doweled in place. Conorere
foundations for flcor mounted pumps shall have a mass egquivalent to three
times the weight of the components, pump, base plate, and motor to be
supported. In lieu of concrete pad foundation, concrete pedestal block
with isclators placed between the pedestal block and the floocr may be
provided., Concrete pedestal block shall be of mass not less than three
times the combined pump, motor, and base welights. Isolators shall be
selected and sized based on load-bearing reguirements and the lowest
frequency of vibration to be igolated. Igolators shall limitc vibration to
match existing at lowest eguipment rpm. Lines connected to pumps mounted
on pedestal blocks shall be provided with flexible connectors., Foundation
drawings, bolt~-setting information, and foundation bolts shall be furnished
prior to concrete foundation construction for all equipment indicated or
ragquired to have concrete foundations. C(oeoncrete for foundations shall be
ag gpecified in Section 03 31 00.00 10 CAST-IN-PLACE STRUCTURAL CONCRETE.
Equipment shall be properly leveled, aligned, and secured in place in
accordance with manufacturer's instructions.

3.1.1.2 Field Refrigerant Charging

a. Initial Charge: Upon completion of all the refrigerant pipe
tests, the vacuum on the system shall be brcken by adding the reguired
charge of dry refrigerant for which the system ig designed, in
accordance with the manufacturer's recommendations. {(ontractor shall
provide the complete charge of refrigerant in accordance with
manufacturer's recommendations. Upon satisfactory completion of the
gsystem performance tests, any refrigerant that has been lost from the
system shall be replaced. After the system is fully operational,
gervice valve seal caps and blanks over gauge points shall be
installed and tightened.

b. Refrigerant Leakage: If a refrigerant leak is discovered after
the system has been charged, the leaking portion of the system shall
immediately be isolated from the remainder of the system and the
refrigerant shall be pumped into the system receiver or other suitable
container., The refrigerant shall not be discharged into the
atmospherea.

c. Contractor’'s Respongibility: The Contractor shall, atb all times
during the installation and testing of the refrigeration system, take
steps teo prevent the release of refrigerants into the atmosphere. The
steps shall include, but not be limited to, procedures which will
minimize the release of refrigerants to the atmosphere and the use of
refrigerant recovery devices to remove refrigerant from the system and
store the refrigerant for reuse or reclaim. At no time shall more than
3 ounces of refrigerant be released to the atmosphere in any one
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3.

3.

4 SYSTEM PERFCRMANCE TESTS
4.1 General Requirements

nefore sach refrigeration system is accepted, tests to demonstrate the
general operating characteristics of all eguipment shall be conducted by a
registered professional engineer or an approved manufacturer's start-up
representative experienced in system start-up and testing, at such times as
directaed. Tests shall cover a periocd of not less than 48 hours for each
systen and shall demonstrate that the entire system tg functioning in
accordance with the drawings and specifications. Corrections and
adjustments shall be made as necessary and tests shall be re-conducted to
demongtrate that the entire system is functioning as specified. Prior to
acceptance, service valve seal caps and blanks over gauge points shall be
installed and tightened. Any refrigerant lost during the system startup
shall be replaced. If tests do not demonstrate satisfactory system
performance, deficiencies shall be corrected and the system shall be
retested. Tests shall be conducted in the presence of the Contracting
Officer. Water and electricity required for the tests will be furnished by
the Government. Any material, eguipment, instruments, and personnel
required for the test shall be provided by the Contractor. Field tests
shall be coordinated with Section 23 03 93.00 10 TESTIKG, ADJUSTING, AND
BALABNCING OF HVAC SYSTEMS.

V4.2 Test Report

The report shall document compliance with the specified performance
criteria upon completion and testing of the system. The report shall
indicate the number of days covered by the tests and any conclusions as to
the adeguacy of the system. The report shall also include the following
information:

a. Date and outside weather conditions.
b. The load on the system based on the following:

{1y The refrigerant used in the system.

{2y Condensing temperature and pressure.

£33 suction temperature and pressure.

(4) Running current, voltage and proper phase saguence for
COompresscr motor.
{(5) The actual on-site setting of all operating and safety
controls.

(6) Chilled water pressure, flow and temperature in and cut of
the chiller.

.5 SUPERVISION AND INSTRUCTION

The manufacturer shall also include the services of the manufacturer’s
representative to instruct the owner or his operating personnel in the
proper coperation and maintenance of the unit for & period of five {5} davs
for first unit, plus three (3) days for each additional unit.

The contractor shall include in his bid the services of the manufacturer's
factery trained field representative bto supervise the installation and the

assembly of all components to be field assembled at the job site,

-~ End of Section -~
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